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Abstract
Crop production and aquaculture play important roles in food security and water withdrawals and contribute
to over 70% of global water consumption. The aquaponic system is a sustainable way of integrating soilless
crop farming and freshwater fish farming in a signle system to reduce water consumption and pollution,
increase food production per unit area, thereby rendering economic benefits to the farmer. In this study, an
attempt was made to assess the productivity of aquaponic systems by measuring the biomass output of
fish and crop, water requirement, as well as net-financial gain of the production unit.
Two aquaponic systems types were designed: integrated aqua-vegeculture (IAVC) system, and deep-water
culture (DWC) system (pilot-scale evaluation). Both systems combined growing kale (Brassica oleracea
var. acephala) with Nile tilapia (Oreochromis niloticus) cultured in a greenhouse setting. In each system,
tilapia was stocked at 10kg/m3 while kale seedlings were planted at 25 plants/m2 density.
In IAVC after 14weeks, total kale yield was 2.1kg/m2 in the first crop harvest, 4.4kg/m2 in the second crop
harvest, and the total fish weight gain during the two crop harvests was 9kg. Water consumed in IAVC was
3.4% of the total water volume in the system per day. Most water quality parameters in IAVC were
maintained within ranges suitable for the fish and plant. In DWC after 14 weeks, total kale yield was
5.3kg/m2 in one crop harvest and the fish weight gain was 17kg. Water consumed in DWC was 2.6% of the
total water volume in the system per day. It can be concluded that aquaponic systems consume 2.6 to 3.4%
of total water volume as the daily water requirement. Most water quality parameters in DWC were not
suitable either for the fish or plant and there were significant symptoms of nutrient deficiency in kale. This
shows that mineral supply was not efficient, thus, there was a need for nutrient supplement. Due to the
presence of a mechanical and biological filters in DWC, the water quality was more efficient for fish growth
than in IAVC without any filter. In contrast, the water quality parameters in IAVC were more suitable for
plants growth compared to DWC.
Economic feasibility was projected in the IAVC system for 3m3 fish tank volume and 10.8m2 grow bed area.
The cost-benefit analysis applied an inflation rate of 14.10%, and a discount rate of 16% over 15 years.
The total annual projected kale yield was 360kg and the total annual projected yield of tilapia was 120kg.
Net income at the end of the first year amounted to a loss of US$2,009 with a payback period of 4 years
and 5 months. This shows that an aquaponic production can generate positive net cash flow before year 5.
The Internal rate of returns (IRR) was 19% and net present value (NPV) was US$4,026. The scale of
production in this study is recommended as a small-scale family business.
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Definition of terms and terminologies in the cost-benefit analysis
Term

Definition

Cumulative cash flow

Sum of the net cash flow (net profit or loss) for a given period (month or
year) and all accumulated net cash flows of all previous periods

General costs

Also known as indirect costs or fixed costs or overheads. They are
costs incurred by the business firm whether production occurs or not or
whether there is an increase or decrease in production level (output)

Internal rate of return

The interest rate (discount rate) at which the net present value of all
cash flows (both positive and negative) from a project equals zero. It
allows managers to rank projects by their overall rates of return rather
than their net present values. The investment with the highest IRR is
usually preferred.

Investment costs

The costs for items which are used by the business for more than one
year

Maintenance costs

The costs incurred as a result of the business activity and are not
dependent on the scale of production. These include office expenses,
routine maintenance, or taxes.

Net present value

The present value of the net benefit stream estimated using a defined
discount factor. The net benefits of a period are the benefits minus the
costs in that particular period, and subsequently discounted by using an
appropriate discount rate, and then summed for the project life span

Annual Net profit or net

The difference between total income and total costs for a particular

income or net benefit

year. It is the amount of cash generated each year by the investment or
project.

Operation costs

Also known as production costs, direct costs, or variable costs. They
are a category of recurrent costs that only occur as production occurs,
i.e. when investment costs are put to use or function. They, therefore,
increase with the -increase in the level/scale of production - and vice
versa.

Recurrent costs

The costs incurred regularly or periodically on a daily, weekly, monthly,
or yearly bases. All direct costs, operation costs, or production costs
are parts of the recurrent costs.

Sales income

The total cash received after the sale of a given quantity of a particular
product per unit time

Salvage value

This is the cash income received when selling an item at the end of its
economic life

vii

List of abbreviations and acronyms
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B

Boron

Ca2+

Calcium ion

Cm

centimeter

-

Cl

Chloride

°C

Degrees Celsius

DO

Dissolved Oxygen

DWC

Deep-water Culture

dS/m

Deci Siemens per meter

DWC

Deep-water Culture Aquaponics System

EC

Electrical Conductivity

g

grams

Fe
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H

Height

hr
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Integrated Aqua-Vegeculture

IBC
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IRR
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Chapter 1: Introduction
The world hunger crisis is still on the rise as it is estimated to have one in every nine people being hungry
worldwide (INMED, 2015). Small scale farmers battle with inefficiency in the food supply as climate change
stresses existing water resources and arable land. Demand for water through domestic, agricultural, or
industrial uses is on the rise. Population growth is a major cause for inextricably declining natural resources
and contributes to accelerating pollution, a by-product of anthropogenic activities and bane to a sustainable
livelihood.
Agriculture in Egypt is concentrated in the narrow Nile river valley, shallow groundwater tables, and areas
of intermittent rainfall in the Nile delta region (World Bank, 2004). Furthermore, pollution risk is also a bane
of access to clean water resulting from effluents of agro-based industrial activities and aquaculture effluents
discharged into water sources (Jim, 2009). Also, at the backdrop of agricultural growth is the uncontrollable
stress on water resources. In spite of the high demand for water resources through its agriculture and
increased food production, agricultural outputs have not matched the rate of the growing population.
Aquaculture in Egypt represents the largest aquaculture industry in Africa. It serves the Egyptian populace
with jobs while reducing poverty and dependence on government. Scales of production ranged from
extensive, semi-intensive, to intensive systems (Wally, 2016). Nile tilapia (Oreochromis niloticus) is the
most commonly cultured fish species in tropical areas of the world (Hambrey et al., 2013). In Egypt, Nile
tilapia represents 67 per cent of total aquaculture outputs (GAFRD, 2014). Most fish farms in the country
are found around the Mediterranean coast and North-East region of Nile Delta, especially in the Damietta
governorate (El-Sayed, 2006).
Despite outstanding developments witnessed in the aquaculture industry in Egypt, it has constantly been
met with notable challenges. These obstacles center around land unavailability as a bane for expansion of
aquaculture activities, tripling costs of electricity arising from poor access and poor coverage, rising costs
of fish feed (Siriwardena & Hasan, 2009) and other inputs, wastewater discharge, and the challenge
exacerbated by climate change through ripple effects of sea-level rise. The climate change impacts on
aquaculture include, but not limited to, the decline in species stock, the reduced production (output) and
the consequential rise in the market price of fish. To further complicate the challenges in Egypt’s
aquaculture industry, the country’s aquaculture production is confined to the use of grey water (i.e. drainage
water) since the use of freshwater for aquaculture is prohibited by Law 124 of 1983 (Ghanem and Haggag,
2015). Consequently, water quality is poor and fish health is endangered. Long-term effects of aquaculture
practices include eutrophication in the receiving water bodies, contamination of earthen aquaculture ponds
along the Nile valley as well as inefficient fish yield (Sipaúba-Tavares et al., 2013).
Aquaponic systems are a cutting edge technology that forestalls food security, environmental wellbeing and
economic advantages. It is a farming system that exhibits a composite and flexible balance of interactions
between aquaculture and hydroponic systems in a way that maximizes social benefits, economic value and
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environmental well-being. The basic idea rests on fostering maximum agricultural output and ensuring least
ecological footprint.
The advantages of aquaponic production over conventional agriculture are immense in that there is no
waste of energy, water or nutrients. Furthermore, fish production and vegetable cultivation are combined
in a harmonious environment, hence, they sustain each other. Input costs arising from chemical
supplements required by hydroponic plants are often greatly eliminated in aquaponic systems.
Furthermore, fish and vegetable are potent sources of protein in large areas of the world. Since their
demand is high, farmers increasingly require more resources to meet the production demands. In
conventional aquaculture and crop farming on the other hand, issues of resource scarcity in terms of water,
suitable land, energy, fish feed, fertilizers and chemical supplements, as well as infrastructure, have put a
high toll on the capital and operation costs (Goddek et al., 2015). Therefore, production scale and maximum
profitability are still limited. More so, fish waste accumulating in the intensive aquaculture systems threatens
fish survival and its management is a burden on the economic profitability of intensive aquaculture systems.
Besides, vegetables require a continuous supply of nutrients and fish production requires optimum water
quality for maximum productivity.
Aquaponic system sets a stage whereby beneficial bacteria make use of the fish waste in the form of
ammonia (Walsh et al., 2000). Through the process of nitrification, the bacteria gives-off nitrate into the
water system. Plants in hydroponic units then use-up the nitrate as they depend largely on nitrogen for
growth. In the process, the water is purified. The ammonia-free and relatively less toxic water is continuously
recirculated within the aquaponic system. Since recharge of ammonia into the water system is contingent
upon fish feeding and metabolic activities, the fish growth allows a cyclic nutrient flow to be in motion
throughout the life-cycle of an aquaponic system. In essence, wastes in one sub-system (aquaculture)
serve as nutrients in another sub-system (hydroponic) in the aquaponic setting (Wahl, 2010).
This study serves to contribute to and broaden our knowledge on aquaponic systems by examining the
productivity of aquaponic systems, assessing water use, and determining net-financial return in a smallscale aquaponic production combining curly kale and Nile tilapia. Aquaponics, known as a water
conservation strategy, has gained attention as a sustainable tool for agricultural productivity and water
resource conservation technique in developing regions of the world (Joyce et al., 2019). However, there is
still much to be done in the area of productivity and economic feasibility. The problem is stemming mainly
from the dearth of information about the costs as well as the potential returns of aquaponics products (Adler
et al., 2000; Rakocy et al.; 2004; Endut et al., 2011; Love et al., 2015). This study will not only x-ray the
financial potential of the technology in the Egyptian environment, but also extend significant contributions
that may help the country to adopt prudent water use options.
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Chapter 2: Literature Review
2.1

Sustainable versus unsustainable agricultural systems

Agriculture is one of the sectors that is most severely hit by the incessantly growing world population.
Agricultural production requires a vast amount of freshwater resources, cultivable land, energy generation
and consumption, production value chain management and agricultural food processing. For example, from
the total freshwater base available worldwide, agriculture accounts for 70% of its usage (FAO, 2010) while
food production activities, from farm production to food purchase by final consumers, are responsible for
about one-third of total annual energy consumption (Somerville et al., 2014). Water resources are collapsing
as climate change impacts become more and more unpredictable.
Soil agriculture, as a traditional farming method, has brought immense benefits for the survival of humans
the world over. Soil agriculture is an age-long practice whereby agricultural land is used in the production
of crops and livestock while also serving as a repository for its by-products. Most farming techniques are
carried out on vast areas of farmlands in both developed and developing countries. As an estimate, 301
million hectares (mha) of farmland area are irrigated worldwide as of 2005 (Siebert et al., 2015). Water loss
is inevitable in irrigated fields and has been a major challenge in soil agriculture. But this vast agricultural
land is depleting worldwide. Resource depletion is further exacerbated by production constraints such as
poor storage facilities, poor production and consumption patterns, wastages, and climate-induced
agricultural losses. These are primary unsustainable environmental impacts inevitably associated with soil
agriculture. Secondary impacts include water stress, soil loss, agricultural soil pollution, reduction in arable
lands, soil salinization (Klinger, 2012), groundwater contamination associated with excessive use of
fertilizer, and global carbon emission.
Aquaponic systems have been demonstrated as a sustainable solution, not only for using less water
compared to conventional agricultural practices, but also as one which has minimal negative effects on
environmental quality. Water becomes more and more fragile and scarce as a resource due to: (i)
anthropogenic causes such as water pollution and water wastage; (ii) natural climate effects such as dry
spells, drought; (iii) unprecedented water demand in water-stressed regions of the world, and (iv) incessant
geo-political water crisis, particularly in dry regions. A sustainable solution that holds better potential as an
agricultural method and environmental conservation strategy is aquaponic production.
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2.2

Egypt’s water resource problems

The Grand Ethiopian Renaissance Dam (GERD) project is the single most significant modern-day threat to
Egypt’s water supply. As one of the three major riparian countries with regards to the Nile river, the share
of Egypt in this vast water resource base is anchored onto the 1959 Agreement where it controls 55.5 billion
cubic meters annually (EEAA, 2010; EMPMAR, 2018). With the disinterest of the other major riparian
countries in recognizing the historic agreement and their constant agitation for larger quota in the Nile flow,
Egypt’s robust water source is on the downward spiral. In addition to the Nile challenges, Egypt faces
dramatic population increase (CAPMAS, 2019) forcing the government to search for additional water
resources to cater for the growing demand. Alternative sources of water in the country include the recycling
of wastewater (wastewater treatment) and the groundwater withdrawals from the shallow tables of the Nile
delta and the entire Nile valley. Overall, water reuse has given rise to the country’s water resources base
by 20% (Barnes, 2014). Rainfall, almost restricted to the narrow strip of the Mediterranean Sea, is not
regarded as a dependable source of water for Egypt. The country is, as a result, regarded as limited in
terms of water resources. Of this limited resource base, agriculture uses 82% (Figure 2.1) of the total
(CAPMAS, 2019). Other areas of water consumption in Egypt includes 11% for industrial activities, and the
residual 7% for domestic uses (FAO, 2012).
2.3

Food security problems

The global food security problem can be fundamentally expressed as a function of population growth and
resource depletion. Egypt's population growth has maintained a steady increase over the last decade and
currently at a rate of 2.4% (ECES, 2018) while the country’s per capita water availability has soared low
below the water poverty line since the beginning of this millennium (ElQuosy,1999; ElShopky, 2012). The
population and water challenges have put many countries on a perilous journey in search of water and food
security solutions (Goddek et al., 2015). Tackling these challenges requires integrated solutions that
conserve water resources and leaves little or no footprints on the natural environment. An example of the
approaches embarked upon by the Egyptian government is the reclamation of land. Though
environmentally safe and helps improve to a certain extent the availability of cultivable lands, land
reclamation is far from being economically attractive (El-Essawy et al., 2019).
Moreover, this horizontal expansion to open up new cultivable areas means more land areas reclaimed,
more capital projects serviced, more agricultural activities, more water divergence, more energy
requirements as well as more pollution. Considering all the above as unsustainable practices, a concerted
effort or solution to such problems would be one which not only reduces dependence on soil agriculture,
but one that also increases returns on any unit of water used in the production process especially in waterscarce regons. In the spate of finding new tactical solutions, Egypt has the potential to turn its two abundant,
but often neglected resources into valuable tools for agriculture. These two resources are effluent-rich
aquaculture grey-water and sandy soil.
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Solutions to water problems in water-stressed regions of the world must, therefore, revolve around two
options: (i) conserving existing water resource base through reducing demands and using water more
efficiently, and (ii) maximizing productivity of unit water and net-benefits of any water-based project. These
options mean ensuring water security in these regions does not literally translate to keeping water resource
for no use, but essentially emphasize that net-benefit derivable from water consumption must outweigh the
cost/use of water, the most valued resource in dry areas.
2.4

Aquaculture wastewater

Globally, aquaculture production represents a very large and thriving industry. It supplies around 50% of
the total annual fish consumption (FAO, 2016). As demand for fish protein increases, intensive aquaculture
effluents will increase invariably. In Egypt, evidence has shown that the fish production farmers dump
untreated effluent-rich wastewater from fish culture farms into the environment (Ghanem & Haggag, 2015).
This devastating practice has a negative environmental impact in the Nile delta (Sipaúba & Magalhães,
2013).
According to previous reports, the discharge of aquaculture effluents in an environmentally unsafe method
is a major challenge in intensive aquaculture systems. Effluent from the fish pond contains particles like
uneaten fish feed (Seawright, 1998), ammonia, metabolites, organic matter, suspended solids, and sand
particles. Accumulation of these substances in high amounts within the fish tank triggers several problems,
such as decrease in dissolved oxygen (Rakocy, 2016), fish casualties (Zugravu et al., 2017), clogging of
pipes, and release of foul odour. High costs of maintenance are envisaged in such environments.
Furthermore, during biochemical and microbial decomposition of feed, more competition is set out between
fish and microbes for dissolved oxygen (DO). Such environment is toxic to aquatic life and can trigger
diseases and death of fish. Hence, fish cannot grow optimally in such conditions. To control toxicity, all
these materials are mostly drained away as waste with water to eliminate threats to fish health and replaced
with freshwater. Discharging these materials into the natural environment is observed as unsafe practice
because of its far-reaching potential to transfer contaminants into the stream and groundwater, pollute land
and release toxic gases into the atmosphere. Simultaneously, a huge amount of water is lost in the
production process and nutritious effluents are dumped in large volumes into the drains. Concerns, as
highlighted above in conventional fish culture systems, led to search for alternatives that could help
conserve natural resources in the aquaculture industry. This will help safeguard against resource wastage,
increase food production and increase efficient water utilization.
2.5

Hydroponics

Soilless agriculture is at the center stage of agricultural sustainability. It includes major hydroponic designs
as deep-water culture (DWC), nutrient film technique (NFT), ebb & flow, drip (irrigation) system (sometimes
referred to as sandponics). It also encompasses aeroponics, living wall and vertical farming (Adler et al.,
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2000; Rakocy, 2004; Graber & Junge, 2009; Licamele, 2009; Bulc, 2012; Klemenčič & Bulc, 2015; Palm et
al., 2018).
Hydroponic systems are reported as the most common and widely-adopted soilless agriculture method both
because of ease and relatively less requirement for management (Putra, 2015). They eliminate soil-related
constraints. The idea to shift agricultural production to soilless systems was borne out of socio-economic
and environmental challenges surrounding soil cultivation. Nevertheless, the increasingly high cost of
chemical fertilizers (Hochmuth, 2000; El-Essawy et al., 2019) needed to supplement nutrient availability for
crops in hydroponic settings has been a major source of challenge in such systems.
2.6

Aquaponic systems: Between soilless agriculture and aquaculture wastewater treatment

Aquaponic system is a healthy merger between pond aquaculture and hydroponic (soilless) systems. They
could be a complete recirculating system eliminating chemical nutrient supplements or those with nutrient
supplements in addition to fish effluents (Palm et al., 2018). Essentially, a functioning ecosystem is created
whereby organisms interact through the exchange of materials and energy between other organisms as
well as between organisms and their abiotic environment
Aquaponic systems come in a variety of designs, level of technologies as well as scales. As with any new
innovation, the technical underpinnings of aquaponic systems are still evolving. Deep-water culture (DWC),
nutrient-film technique (NFT) and media-based systems are the three most common types of aquaponic
systems. A fourth one, vertical system, has also been identified (Stickney, 2009; Williams, 2017; Palm et
al., 2018).
2.7

Brief History and definitions of an aquaponic system

2.7.1 Brief history of aquaponic systems
The combined and interdependent production of animals (livestock), fish, and crop was first noted with the
Chinese over 1,500 years ago. Here, a farmer would allow the droppings of an animal to serve as feed for
another plants, and in that process, transfer the residual to crops (Goodman, 2011). Other reports refer to
the early Peruvian practice where the only mode of traditional soil enrichment and fish feed came from
terrestrial animal droppings (INMED, 2015). Though there was no recirculation intended, it marked an
important step for continued nutrient flow and enhanced yield with little or no input.
Similar developments have been documented in South America, South East Asia (Coche, 1967; Gangenes
Skar et al., 2015), where rice paddies were irrigated with fish effluents. Another variety of this crop-fish
integration was noticed in the Hawaiian region where fish-taro practices was common and reached its peak
in the 1800’s. Moreover, the sub-Sahara African region also practiced integrated aqua-agriculture systems
which lasted until the early 1990’s. This would later popularly be referred to as Village Aquaculture
Ecosystem (VAE) (Brummett and Barry, 2002).
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It can be understood from the above that prior to the birth of “aquaponics” as a term, the earlier generations
have cultivated the idea behind this subject. Aquaponics has therefore been in practice long before the
subject came at a center stage of research. According to Goodman (2011), “aquaponics” as a term did not
surface in academic literatures until late 1990’s. During this period, standards instrumented to measure
productivity became proliferated. Besides, prior to the spread of the concept of aquaponics, the subject has
been dubbed with other terms as “Integrated Aqua-Vegeculture” (IAVC), “integrated fish culture hydroponic
vegetable production system”, “integrated aquaculture”, “integrated agriculture”, hydroponic solar pond”,
“hydroponic aquaculture pond” and more recently, “polyculture”, sustainable or smart aquaculture
(Goodman, 2011).
In modern day aquaponic studies, the widespread integration of hydroponics into aquaculture systems took
over the stage. Back in the 1970’s, vegetables were combined with fish production in an interdependent
system in the United States of America and Europe (Goodman, 2011; Somerville, 2014) with pioneering
work notable at University of North Carolina State, University of the Virgin Islands (Rakocy, 1999;
Somerville et al., 2014) as well as the New Alchemy Institute (Somerville et al., Turcios, 2014). The basic
design options from these universities later became what are currently being demonstrated as aquaponic
types. Further developments were witnessed with improvement in designs, enhanced fish-plant ratio and
applications for commercial production. Extensive research on aquaponics after the 1980’s has become
popular particularly in the area of fish type and plant variety that exhibit best crop-fish match as
technological advancement was proliferated on the topic. This culminated in search for best practices,
optimum yield analyses and productivity evaluation (Naegel, 1977; Rakocy, 2004; Love et al., 2015).
2.7.2 Definitions of aquaponics
The term aquaponics is derived from two related words: (i) hydroponics, and (ii) aquaculture. Hydroponics
refer to the practice of growing plants without soil while aquaculture is a production whereby fish are grown
in culture farms and in rearing tanks.
As an emerging technology, definitions of the aquaponic system are still evolving (Table 2.1). A quite
important aspect of any field of knowledge is to find a definition which conveys the main idea(s), processes
involved as well as outputs expected under a given set of assumptions. Like many other growing areas of
knowledge, a specific definition for such promising technology is still lacking (Konig et al., 2016).
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Table 2.1: Definitions of aquaponic systems by various authors

Definition

Source

Aquaponics is the integration of hydroponics with recirculating aquaculture

Rakocy & Hargreaves,

system

1993

Aquaponics is an approach of coupling two technologies: recirculation

König et al., 2018

aquaculture (fish-farms) and hydroponics (soil-less cultivation of crops)

Aquaponics is part of a recirculated aquaculture system (RAS) where fish

Pantanella, 2008

waste is used as fertilizer for the plants, to the benefit of both the product
streams
Aquaponics is a form of aquaculture that integrates soilless crop production

Love et al., 2015

(hydroponics) to raise edible plants and fish

Aquaponics combines re-circulatory aquaculture system with hydroponics

Oladimeji et al., 2018

system in an integrated symbiotic farming concept that ensures efficient
nutrient recycling

Aquaponics is a technology that integrates hydroponic vegetable production
and intensive aquaculture
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Tokunaga et al., 2015

2.8

Technical aspects of an aquaponic system

2.8.1 Fish culture in aquaponic systems
Common fish in aquaponic production are carp, perch, barramundi, murray cod, trout and tilapia. Tilapia,
for example, can grow well within optimal water temperatures ranging between 27°C and 30°C (McGinty et
al., 1989; El-Sayed, 2006; Thorarinsdottir et al., 2015; Sallenave, 2016; Gichana et al., 2018). Because of
their tolerance, they can also survive extreme water temperatures as far as low as 18° and as high as 35°
(Dalsgaard et al., 2013). At favorable conditions, tilapia can live up to 10 years and reach 5kg weight. In
addition, 5 – 8 mg/liter of dissolved oxygen (DO) is an ideal level (Somerville et al., 2014; Thorarinsdottir et
al., 2015). The fish has, therefore, received wide acceptance as one of the top cultured species in aquaponic
production (Rakocy et al., 2006).
In terms of fish management in aquaponic systems, the type of feed, feeding schedule and feed amount
calculation must be closely monitored (Hambrey et al., 2013). Allowing excess feed to accumulate at
bottoms of the fish tank creates problems although the fish clear excess feed if unfed for some periods.
Any feed not consumed after 30 minutes must be removed (INMED, 2015). Close observation of fish
feeding activity, therefore, ensures optimum growth and stable fish health. Also, aquaponic sub-units are
inextricably linked together. A problem emerging from one sub-unit, if not quickly detected and abated,
could lead to negative multiplier effects. Similarly, optimum fish growth is tied to good water quality, optimum
fish stocking density, the balance between fish and plant, efficient water replacement rate, good feed
quality, and early detection of negative symptoms in growth of fish, bacteria or plant.
2.8.2 Vegetable production in aquaponic systems
Vegetable production is a veritable way of earning a stable income because yield is possible year-round
and a variety of vegetables can be supplied to the market. Vegetables are a cheap source of vitamins,
minerals, fiber, fats, and protein (Drost and Johnson, 2010). They, therefore, play a very crucial role in
human nutrition.
Common crop groups in aquaponic production include leafy vegetables, root vegetables, herbs, fruiting
vegetables, as well as small-trees (Somerville et al., 2014). The most commonly cultured plants include
basil, cauliflower, lettuce, cucumbers, eggplant, peppers, tomato, beans, peas, cabbage, broccoli, Swiss
chard, parsley, small fruit trees, ornamental flowers, watercress, kale, mint, scallions, Pakchoy, and okra.
Onions, radish, beets, and carrots are also produced in aquaponics (Klinger, 2012).
Leafy greens are the most highly cultured species because of their fast growth and relatively lower operation
costs. High yield under suitable conditions and increased profitability are a major factor that makes leafy
greens more attractive, compared to fruiting vegetables (Rakocy, 2012). According to observations in this
study, however, pest control should be anticipated because vegetable production within the greenhouse
often experiences pest and insect attacks in summer conditions. In fact, pest control is adjudged the most
challenging threat to aquaponic production (Somerville et al., 2014; Tokunaga et al., 2015). Aphids,
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caterpillars and white flies (whitely) are common threats to plants in greenhouse conditions. Biological
control such as hand-picking and introducing predator species like ladybug can be effective. A thorough
manual check (screening) on the back of true leaves, interior of apical meristem, leave folds, lowermost
leaves, as well as other young leaves which are most susceptible to attack, could save yield from damage
and maintain high-quality leaf harvest. Chemical pesticides are not encouraged because they might pose
harm to fish health and may accumulate in plants over long periods (Goddek et al., 2015).
In terms of fish-plant combination, tilapia-lettuce aquaponic systems are the most common (Tyson, 2004;
Rakocy, 2010). Generally, in terms of nutrient requirements, authors have identified low-nutrient plants from
nutrient-hungry ones such as fruiting vegetables (INMED, 2015). Water cress, spinach, herbs, and lettuce
are regarded as requiring low nutrients and are widely acclaimed to have performed better in aquaponics
than the more nutrient-hungry plants species (Diver & Rinehart, 2010). Similarly, fruiting vegetables mainly
require lower nitrate levels at specific stages of growth while leafy types require relatively higher levels of
nitrate at most stages of growth (Resh, 2016).
2.8.3 Bacteria and the nitrification cycle
All water bodies ranging from small streams to large oceans exhibit the process of nutrient transfer between
fish and plants in a symbiotic manner, the main idea behind aquaponics. Therefore, the aquaponic system
is only a controlled and simulated form of the food web (Jones, 2002). Mostly, an aquaponic system can
be regarded as a closed system (Goddek et al., 2016). The only input into the system is the injection of fish
feed which can come in a variety of compositions ranging from 30% - 45% crude protein. An industrystandard widely cited in literature for fish feed composition is 32% crude protein (Somerville et al., 2014;
Oladimeji et al., 2018). An optimum amount of protein needed for steady fish growth depends mainly on
the age/stage of development of fish stock, type of fish and its mode of feeding (Goddek et al., 2015) whether carnivorous or omnivorous – with the latter requiring less protein in comparison to the former. Also,
younger fingerlings tend to demand more nutritious feed than older fish, with higher feed conversion
efficiency and feeding rate (INMED, 2015). Overall, protein in the required amounts is needed for metabolic
activities and development by animals such as fish. Another input to the aquaponic system is the daily
water replacement. Water replacement refers to the water volume used to replenish the water consumption
during the production process. Other essential nutrient elements needed in aquaponic systems include
minerals and vitamins, fats, carbohydrates, proteins.
The fish is by far one of the most important component of any aquaponic system. The fish type, composition
of feed supplied to the fish tank, fish growth rate as well as feeding frequency are important factors that
influence nutrient input into the aquaponic system (Goddek et al., 2015). Temperature changes within the
fish environment affects fish growth. For example, temperature drop to 20O can reduce tilapia growth by
70% (Kessens, 2016). High growth rate can also be recorded if production is initiated with grow-outs
(Somerville, 2014).
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Out of all chemical nutrients exchanged in an aquaponic system, nitrogen and phosphorus are the most
important (Lam et al., 2015). Nitrogen can be found in three forms in an aquaponic system, namely: (1)
ammonia (or ammonium ion), (2) nitrite, and (3) nitrate. These three substances are called nitrogenous
compounds. The conversion, release and absorption of nitrogenous compounds in an aquaponic system
replicates adequately a nitrogen cycle in the natural environment. The interactions between the three
nitrogenous compounds are driven by a range of other physico-chemical factors of water being circulated
from time-to-time in the system.
Several authors have investigated the range of nutrient input required to fertilize 1m2 of a growing area in
aquaponic systems. According to some authors, a range of 60 – 100g of fish feed per meter square per
day has been recommended as an optimum range of fish feed required to nurture plant growing area for
most plants (Rakocy, 2012; Rakocy et al., 2016). Other reports recommend less than 50 g per meter square
per day (Viladomat & Jones, 2011; Somerville et al., 2014). On average, 56-57g of fish feed is commonly
adopted as the amount of fish feed required to adequately fertilize one square meter of growing area
(Rakocy, 2012; Rakocy et al., 2016).
2.8.4 Water management in aquaponic systems
A good water management plan is required for best output in aquaponic production (Rakocy et al., 2016).
The source of water used in aquaponic production is crucial for the initial success of an aquaponic system.
Fish, plant and bacteria have optimal ranges for proper functioning and growth (INMED, 2015). Water
quality monitoring is, therefore, crucial in aquaponic production. Water quality tests are more pertinent if
source of water is proximal to a source of effluent or in areas where industrial activities are situated. For
adequate performance of each aquaponic component, therefore, water quality checks should be done
regularly in order to detect limiting factors early (Somerville et al., 2014)..
The aquaponic system performance can be improved for water usage by ensuring adequate water
components such as fish tanks, grow beds, sump tank, connecting pipes and water transfer pipes, hoses
as well as reservoirs are constantly checked for leakages. Fish tank may be regularly checked to ensure
no algal growth. Algal bloom in the aquaponic system reduce dissolved oxygen (DO) which could have
been available for optimal fish, plant and bacteria growth (INMED, 2015). Barrels and water tanks exposed
to the atmosphere are prone to introduction of harmful materials into the water environment.
Water act as the medium for the transfer of energy and mass between all components of the aquaponic
system. Nitrogenous compounds dissolve in water to form aqueous solutions pivotal to nutrient exchanges
- ammonia to nitrite and nitrite into nitrate. Another important aspect of aquaponic water management is
the recirculation rate which in turn determines the time of water occupancy in subsequent parts receiving
it. Invariably, the rate at which water leaves the fish tank must be approximately equal to the rate at which
it is pumped back to the source, the fish tank. A good aquaponic system, therefore, is considered as one
which balances the outflow with the inflow between various aquaponic components. For proper care, pipes
should be carefully selected and designed to accommodate flow fluctuations and with appropriate valves
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that can help control overflow. When designing an aquaponic system, flow rate and residence time,
sizing/diameter of pipes, as well as plant water requirement are, thus, important considerations for better
water management. A routine check of the water flow rates ensures adequate flow path during aquaponic
system operations.
The physical and chemical quality of water connecting the sub-systems in an aquaponic setting involves a
number of parameters. Their influence on the rate of biogeochemical processes of aquaponics has been
studied and documented in literature. Common physico-chemical water quality parameters referred to in
most aquaponic systems include pH, electrical conductivity, dissolved oxygen, water temperature, and
water alkalinity (Somerville et al., 2014).
pH is important as it determines to a very large extent the nutrient uptake by plants (Argo & Fisher, 2002;
Graber & Junge, 2009). pH should be maintained at levels above 7 to ensure an adequate nitrification
process (Rakocy, 2003). pH will steadily decline as a result of the nitrification process, which increases H+
and NO3- ions in the system (Hambrey et al., 2013). Lower pH is preferred by plants for absorption of
essential elements such as iron, phosphorus and manganese. Kale can do well in pH range of 5.5 – 6.8
(Maynard and Hochmuth, 2006). Goddek et al. (2015) recommend a pH of 6 to 6.5 for some plants. Fish,
on the other hand, prefers alkaline medium or pH (Kopsa, 2015) and pH of 7 to 9 is regarded as optimal for
Nile tilapia (Beveridge, 2012).
Ammonia is an alkaline substance secreted and released into fish tank together with other fecal materials.
After contact with nitrifying bacteria, hydrogen ions are released, thereby reducing basicity and increasing
acidity. Ammonia accumulation becomes toxic to fish beyond 1mg/l , (Zugravu et al., 2017). It can be
present in the aquaponic system in two states: (i) as ammonium ion (NH4+), and (ii) un-ionized ammonia
(NH3), which is extremely toxic to fish. Nitrifying bacteria (Nitrosomonas) converts ammonia to nitrite (NO2).
Nitrite is one of the most important nutrients that need to be monitored. It becomes toxic to fish at levels
above 1ppm (Kopsa, 2015). Furthermore, another nitrifying bacteria (Nitrobacter) converts nitrite to nitrate
(NO3-). Nitrate is the form of nitrogen required mostly for plant growth. However, high accumulation of nitrate
can also be toxic to fish at levels up to 250 mg L-1 (Schram, 2014).
Salinity is measured either as conductivity, or how much electricity will pass through the water, as units of
micro Siemens per centimeter (µS/cm), or in TDS as parts per thousand (ppt) or parts per million (ppm or
mg/l) (Somerville et al., 2014). Electrical conductivity (EC) represents the quantity of dissolved salts in water
at a time. The EC values for hydroponic systems range from 1.5 to 2.5 dS m−1 (Huett, 1994).
Other essential macro- and micronutrients required for optimum plant growth include nitrogen, phosphorus,
potassium, calcium, and iron, zinc, copper, and manganese respectively. Iron is usually deficient in fish
wastes and may need to be supplemented at an early emergence of symptoms (Thorarinsdottir et al., 2015).
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2.9

Economic productivity of aquaponic systems

Few reports have been identified to dwell on the economic productivity of aquaponic systems. Rakocy
(2004) reported on the productivity of aquaponic-grown vegetables and concluded that yields of aquaponicgrown crops performed higher than in conventional agriculture. This method was crude, however, because
it only emphasized the gross income and, therefore, it is devoid of cost-benefit comparison.
Cash flow analysis has also been employed by other authors to determine the profitability of small-scale
aquaponics (Goodman, 2011). In this study, the author concluded that small scale systems, although having
a lower water footprint, are not profitable in temperate regions. Therefore, the study recommended upscaling of production quantity to offset production cost through economies of scale and also suggested
improvement in value added to the product to attract better pricing and market value.
Bailey and Ferrarezi (2017) reported on a valuation of various vegetable crops produced under the
University of the Virgin Islands commercial aquaponics to develop a protocol that can be standardized as
a measure of economic productivity. The study estimated different profit values for the crops used,
attributing these differences to variability in the crop input requirements and market value. Results from this
study laid the foundation for further studies based on the growth rate, land area requirement and market
value of each vegetable.
Medina et al. (2016) studied the economic implications of two different aquafeeds. The study essentially
compared the change in overall revenue that will be resulting from the different feeds of fish under different
treatment regimes. The indicators used in the study were based on the cost and revenue assumptions of
the University of the Virgin Islands documented experiments. The conclusions from this study showed that
different fish feeds could influence the total revenue.
In a study of the perception of interviewees on the profitability of aquaponic methods, multivariate analysis
showed that aquaponic production can be promising (Love et al., 2015). Further analyses showed positive
outcomes on the data gathered, thereby revealing profitability especially in terms of output quantity, revenue
and forecasted net returns on investment. Similarly, Tokunaga et al., (2015) expressed the economic
feasibility of aquaponics technology based on profitability measurement, investment potentials as well as
input considerations. The conclusions from this study emphasized a high internal rate of return (IRR).
The input-output interface model was applied by Love et al. (2015) to understand the economic
performance of aquaponics mathematically. In this study, energy, water, and feed requirements of fish were
computed against outputs expressed as final fish biomass and crop production. The results from this study
showcased a net-gain from crop produce but net-loss in the tilapia outputs.
Bosma et al. (2017) & Rizal et al. (2018) investigated the viability of aquaponics as an economic enterprise.
The studies recommended cost-benefit analyses as a viable tool to determine a range of vegetable/fish
combinations that allow for optimum yield and satisfies environmental conservation requirements.
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Studies of aquaculture and vegetable production in aquaponic systems has not received popular attention
in Egypt. Few researchers have attempted to investigate productivity of aquaponic system as a sustainable
food production system. To the best of knowledge of the researcher, there exist no information in Egypt on
application of curly kale in aquaponic production. Few cited works on aquaponic studies in Egypt are
presented below.
Kamal (2006) examined an aquaponic production combining bell pepper with Nile tilapia by testing different
plant densities with the same aquaculture size in order to determine the effects of varying densities on
efficient plant nutrients uptake and fish optimum growth. Findings from this study showed that the system
with lower plant density performed better with average bell pepper yield as well as best fish biomass. He
also assessed the cost/returns of the tested systems and found the treatment with no hydroponic
component, though with the least yield, accounted for the lowest operational and investment costs. He
recommended hydroponic components in aquaculture as a secondary income source. In a similar study,
Goada et al. (2015) investigated the performance of two aquaponic systems by comparing their potential
for net income generation with a conventional soil culture system. The study replicated all three treatments
with same aquatic species (Nile catfish, Thin-lipped grey mullet, Nile tilapia and freshwater prawn).
Considering the potential of local fish, the study proposed locally produced feed compositions to cut
production costs. In addition, El-Essawy et al. (2019) compared feasibility of aquaponic production systems
with conventional agricultural production and concluded that aquaponics offer a better and sustainbale
alternative to conventional agriculture especially in terms of product safety and yield.
2.10

Future trends in studies of economic productivity of aquaponic systems

The review above represents an attempt to fit the present literature into appropriate flow of research ideas
which are incumbent upon the determination of best practices in aquaponic systems, particularly with
respect to cost-benefit implications. Essentially, these studies emphasized the significance of inputs and
outputs relations necessary to understand what goes into an aquaponic system as well as what goes out
and why. Particularly, the sensitivity of the system is such that a change in one input variable leads to a
modification of one or more parts of an output, and invariably, new results. The extent of this resulting
changes in output parameters in relation to changes in input requires further investigations as the technical,
economic, and social values attracted by aquaponic productions gain wider proliferation within local and
regional agricultural developments.
Aquaponic production offers a lot of economic benefits. First, two major streams of income open up.
Vegetables and fish are two major source of fats and proteins essential for good nutritional intake. The high,
constant and expanding market for vegetables and fish foods are incentives for growing market
environment for aquaponic products. Most aquaponic production eliminate the use of chemical fertilizers
and pesticides, thereby reducing the risk of contamination and cost of chemical fertilizers. Largely,
aquaponic-grown vegetables are organic products and satisfy healthy consumption and appealing tastes
to consumers. Elimination of chemical fertilizers cuts-off costs of operations also could save aquaponic
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business of overall production costs (Maynard and Hochmuth, 2006; Joyce et al., 2019). Opportunities in
the agribusiness industry makes aquaponic production a route way to household/local income generation,
self-sustenance and enhanced food security.
Summarily, most aquaponic studies focused on small-scale (Diver & Rinehart, 2000), as well as laboratorybased (experimental) analyses of aquaponic systems. A few literatures, however, provided insights into key
issues affecting economic considerations at present. Sustainability as a concept is anchored upon three
pillars: (i) environmental protection, (ii) economic value, and (iii) social well-being. In the recent birth of
aquaponics in academic discourse, the measure of sustainability will cover essentially many variables
connected to the economic, environmental and social aspects and x-ray recent as well as on-going research
on the topic.
As aquaponic production becomes more popular over the past decades as a result of two important
milestones: (i) vast recognition of the dangerous negative impacts of unsustainable agricultural practices,
and (ii) increasingly popular application of new technological discoveries in agriculture and water
management, the future of the technology looks promising.
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Chapter 3: Materials and methods
This study was conducted in the Aquaponics Unit of the Water-Energy-Food (WEF) Nexus Laboratory at
the Centre for Applied Research on the Environment and Sustainability (CARES), School of Science and
Engineering, The American University in Cairo (AUC). The campus is located along 90th street, New Cairo,
Cairo Governorate, Egypt.
The aquaponics unit is a greenhouse with two experimental aquaponic systems (Table 3.1 and Figure 3.1),
namely: (1) integrated aqua-vegeculture (IAVC) system, and (2) deep-water culture (DWC) system. The
greenhouse is protected with polyfilm plastic to adjust the micro-climatic conditions within the greenhouse
based on the requirements and specifications of the experiment from time to time, especially with regards
to wind, humidity, precipitation and temperature.
3.1

Plant and fish choice

3.1.1 Nile tilapia
Nile tilapia fish (Oreochromis niloticus) was selected in the fish culture. The choice of fish type is due to the
following reasons: (i) tilapia has been demonstrated as a fish species that tolerates wide range of physical
conditions (Kessens, 2016), particularly temperature and pH, and (ii) there are high supply and demands
(marketability) for tilapia in Egypt. The feed was supplied based on the fish average body weight. Growouts of Nile tilapia was purchased from a local fish supplier in Egypt. The fish were introduced into the fish
tank within the greenhouse one week before the start of the experiment. Individual fish mean weight was
40g at the start of the experiment.
3.1.2 Kale
Kale (Brassica oleracea var. acephala) is preferred for the hydroponic unit for a number of factors. The
plant is one of the most nutritious vegetables (AVRDC, 1990; Drost and Johnson, 2010). Under optimal
conditions, it can offer a potentially robust business opportunity. Besides, it can grow all-year-round.
Furthermore, kale is an expensive vegetable in the Egyptian market. Sources from Egyptian kale growers
confirmed that a kilogram of fresh weight could go for an average price of 80 Egyptian pounds (off-farm
price). Kale is also a vegetable of all seasons. However, its best performance is in winter.
3.2

Experimental set-up

Two experiments were carried out over a period of three months between March and June, 2019. Two
aquaponic systems with curly kale and Nile tilapia cultures were tested: (i) integrated aqua-vegeculture
(IAVC) system and (ii) deep-water culture (DWC) system. Each of IAVC and DWC was composed of: a
separate fish tank (1m3) for the fish culture and a rectangular wooden bed with outer dimensions of 4.2m
(Length) by 1.2m (Breadth) by 0.35m (Height) for the plant culture and inner dimensions of 3.6m (Length)
by 1m (Breadth) by 0.35m (Height). The area within the rectangular wooden bed was 5.04m2 representing
the actual grow area. The wooden grow bed covered with a poly vinyl chloride (PVC) liner layer to contain
water and filled with sand, the plant growing medium. The rectangular grow beds were divided into three
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equal sizes representing three replicates for each of the two systems-IAVC and DWC. Two independent
sump tanks (200liters each) next to each rectangular wooden grow bed were the last units in each system
(Figure 3.1).
3.2.1 Set-up of the integrated aqua-vegeculture (IAVC) system
Each replicate tank in IAVC grow-beds comprised of a drip irrigation system. Drip systems were distributed
evenly on the sand medium filled into the grow bed where the sand was used as plant growing media. Drip
lines were made with emitters that supply water from the fish tank to a point on the soil medium proximal
to the base of each plant. In each replica, 30 emitters are distributed evenly at the spacing of 20cm by
20cm. Each emitter discharged water at a rate of approximately 4 liters per hour of operation. In total, 90
plants were grown in the IAVC system.
Time of irrigation was controlled by an analog electric switch (timer) which switches on and off the
submersible pump installed in the bottom of IAVC fish tank. Time of irrigation was set between 9am and
5pm every day. During the first crop harvest (56 days), grow bed was irrigated for 15 minutes every 2 hours
between 9am and 5pm. Therefore, the timer switched on and off the submersible pump 4 times a day and
supplied a total of 360 liters in each 24-hour period. Excess water received by each grow bed but not
retained within the sand medium drains from the bottom of grow beds to a drainage pipe connecting the
grow bed replicate tanks to the sump tank. Water collected in the sump tank was pumped back to the fish
tank by a submersible pump installed at the bottom of the sump tank.
3.2.2 Set-up of the deep-water culture (DWC) system
Each replicate tank in DWC grow-beds contained floating rafts (Styrofoam-made material) of 3cm thickness
suspended by the water surface and covering the total surface of each replicate tank. Seedlings of the plant
were distributed on the floating raft at a spacing of 20cm between each plant, both directions. A net cup
was used to house each plant seedling, allowing the plant root to be submerged into the water in the grow
bed under each floating raft to allow for root nutrient uptake. The floating raft of each replicate tank carried
30 net cups. In all, 90 net cups, each carrying a plant seedling, were held on floating rafts in DWC.
Water was pumped from the fish tank to the mechanical filter and then to a biological filter by a submersible
pump installed at the bottom of the fish tank. In the mechanical filter, big solids particles are removed while
in the biological filter, effluent solutions are digested by nitrifying bacteria (nitrosomonas and nitrobacter)
which convert ammonia to nitrate. Excess water in each DWC replica tank is drained by gravity through a
drainage pipe connecting the grow-beds to the sump tank. Water collected in the sump tank is pumped
back to the fish tank.
3.3

Inputs

Fish were fed with feed sourced from a fish supplier located in Kafr el-Sheikh, Egypt. The feed is composed
of 35% crude protein. The feed quantity adopted was 57g of fish feed per square meter of grow bed per
day (Rakocy, 1989). The daily optimum feed requirement in each aquaponic system was calculated as:
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Each square meter of growing space requires 57g of fish feed per day, therefore:
3.6m2 X 57grams feed/m2/day = 205 grams feed/day
Therefore, 205 grams of feed/day is required for 3.6m2 growing space.
Since fish grow out (40-gram individual fish weight) consume 2% of their body weight per day (Somerville
et al., 2014), the fish biomass required to consume this quantity of fish feed per day was calculated as:
2% of xkg (total biomass of fish stocked)
2

X

xkg of biomass of fish stock

=

205 grams

2x

=

20,500 grams

x

=

10,250 grams

=

205g

=

205g

100
2x
100

To convert to kilograms:
x

=

10,250
1,000

x

=

10.25kg

Total biomass of fish stocked = 10kg
3.4

Planting

Four-week old curly kale seedlings were sourced from a local kale grower in Cairo, Egypt. The seeds of
kale (Brassica oleracea var. acephala cv. Vates blue curled) were sourced from Seed Kingdom, a vegetable
growing company located in 6405 Peoria Ave, Lubbock, TX 79413, United States. The kale seedlings were
transferred to the DWC grow beds and supported in net cups with perlite and cocoa peat mixed in the ratio
2:1. The cups were thereafter installed in already perforated holes on floating rafts. Kale seedlings for IAVC
were transferred together with their root cones into the sand medium.
3.5

Data collection

Data were collected from various units and components of the greenhouse aquaponic systems from the
beginning of the experiment to the end of the experiment.
3.5.1 Water quality
In each fish tank, Nilebot water quality monitoring equipment was installed to log real-time data on water
temperature and dissolved oxygen every minute for twenty-four hours every day. At the beginning and day
of harvest (from planting to harvesting), water samples were taken in plastic bottles (100ml volume) from
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the fish tank of both systems, replicate tank one, replicate tank two, replicate tank three, and sump tank.
Samples were sent to the Unit for Soil, Water and Environment of the Agricultural Research Center, Ministry
of Agriculture and Land Reclamation, Cairo, Egypt. Laboratory analyses were carried out using APHA
standard methods for measuring water and wastewater (APHA, 1981) to assess the concentrations of pH,
electrical conductivity (EC), total ammonia-nitrogen (NH4+), nitrate-nitrogen (NO3-), potassium (K+),
phosphorus (P), calcium (Ca2+), and iron (Fe).
3.5.2 Fish growth and productivity parameters
Fish growth was monitored regularly throughout the period of the experiment. Fish feed quantity was
monitored and adjusted based on observed feeding rate and actual fish requirement. Mean length and
mean weights were measured by taking 30 fish at random from each fish tank at one time. This was done
at the start of the experiment and every five-week interval over the study period. Similar measurements of
mean length and weight were taken at the time of crop harvest. Survival rate and mortality were also
monitored by observing any floating dead fish and taking records. Initial and final biomass of all fish
population in each fish tank were measured at the start of growth and day of crop harvest. Data on fish
absolute weight gain and total feed input were calculated for each.
3.5.3 Plant growth and productivity parameters
Plant growth was monitored regularly throughout the period of the experiment. Average leaf length, average
leaf width, the average number of leaves per plant and average plant height were measured every ten days
from the beginning of the experiment and on the last day of the experiment. Five (5) plant samples were
marked in each of the three replicate tanks in both IAVC and DWC. On the day of harvest, the plant fresh
biomass per square meter, and average leaf fresh weight per plant were measured.
3.5.4 Water requirement
The amount of water used in each of IAVC and DWC was determined by the volume of water loss recorded
in the fish tank in each system. The drop in water-level in the fish tank was observed and measured by
deducting the final volume remaining in the fish tank from the initial water volume installed in each fish tank
at the beginning of the experiment (1,000 liters). This measurement was facilitated by the calibration marked
on the rear of each fish tank. From the records, average daily, weekly and monthly water usage as well as
usage per crop harvest were calculated.
3.5.5 Cost-benefit analysis
A cost–benefit analysis (CBA) was carried out in the IAVC system based on the experimental inputs and
outputs upscaled to 10.8m2 growing space and 3m3 fish tank volume. In order to achieve the CBA, the FAO
Rural Invest software (Gulliver et al, 2000; Tarimo, 2018) for cost–benefit analysis was employed. The
software is designed to evaluate small and medium scale agricultural investment projects. The software is
useful in evaluating the sustainability, profitability as well as cash flows for projects over a specified period.
Data were loaded onto the interface of the software. Analysis was carried out to determine the economic
feasibility of the production process.
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Analysis period selected in the CBA was from 2019 (current year) to 2033 i.e. 15 years. This time-frame
was selected because the longest economic life of inputs used in the current production was 15 years. A
14.1% inflation rate and 15.75% interest (discount) rate (Trading Economics, 2019) accessed from
https://tradingeconomics.com/egypt/inflation-cpi and https://tradingeconomics.com/egypt/interest-rate on
19th June 2019, respectively, were applied.
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Table 3.1: System Information for IAVC and DWC Experimental Set-up

System

Component

S/N

Sub-unit

Specifications

Aquaponics unit

Area

1

Greenhouse

8m(L) by 6m(W) by 2.5m(H)

Fan

2

SKG Axial Fan Motor

1,000 m3/hr.

Light Bulb

3

Light bulb

220v

Thermometer

4

Digital hygro-thermometer

1.5v, T° range: -50°C - 70°C

Tanks

5

Fish Tank (IBC)

1,000 liters

6

Hydroponic grow bed

3.6m(L) by 1m(W) by 0.35m(H)

7

Sump tank

200 liters

Aquarium heater

0.5KW

8

Cooler pump (Small)

50 liters/min (75W)

9

Submersible pump (Big)

100-200 liters/min (400W)

10

Air pump

120 liter/min (90W)

Sensor

11

Nilebot water quality data logger

Dissolved oxygen, pH, Temp

Fish

12

250 Nile tilapia grow-out

10kg/m3

Plant

13

90 curly kale seedlings

25/m2

Tanks

14

Fish tank (IBC)

1,000 liters

15

Mechanical filter

150 liters

16

Biological filter

200 liters

17

Hydroponic grow bed

3.6m(L) by 1m(W) by 0.35m(H)

18

Sump tank

200 liters

Aquarium heater

0.5KW
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Submersible pump (2x)

100-200 liters/min (400W)

20

Air pump

120 liter/min (90W)
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Air pump for grow bed

80 liter/min (60W)

Sensor
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Nilebot water quality data logger

Dissolved oxygen, pH, Temp

Fish

23

250 Nile tilapia(Grow out)

10kg/m3

Plant

24

90 Curly kale seedlings

25/m2

IAVC

Heater
Pump

DWC

Heater
Pumps

*Legend: L= length, W= width, H= height, hr.= hour, min= minute, w= watts, kg= kilograms, m3= cubic
meter, m2= square meter, m= meter, v= volts, T°= temperature, °C= degrees Celsius, S/N=serial number
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Figure 3.1: Sketch of deep-water culture (DWC) and integrated aqua-vegeculture (IAVC) systems in the greenhouse
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Chapter 4: Results and discussion
4.1

Evaluation of integrated aqua-vegeculture (IAVC) aquaponic system

4.1.1 Water quality parameters
Table 4.1 shows variations in water quality parameters over the study period. Mean values of water
temperature ranged between 26°C and 29°C. pH ranged between 6 and 6.9. DO mean value was 6mg/l.
Mean values of EC ranged from 0.9dS/m to 3.2dS/m. Mean values of NH4+ ranged between 1.17mg/l and
10.5mg/l. NO3- ranged from 0.7mg/l to 19.6mg/l. P ranged from 3mg/l to 14.18mg/l. Ca2+ ranged between
3.2meq/l and 6.2meq/l while K ranged between 0.7meq/l and 1.4meq/l. Fe was below detection range.
Water quality is essential for optimum fish, bacteria and plants growth. Water temperature was low at the
beginning of the experiment at 22°C which is below optimal range of 27°C – 30°C reported in literature (ElSayed, 2006). In our study, low water temperature led to lower feeding rate in the beginning of the
experiment since DO was well above optimal range. Kessens (2016) reported similar observation in an
experiment that cultured Nile tilapia and Swiss chard over 90 days. For the whole period of the experiment,
water pH range of 6 – 6.9 was maintained. pH above 7 measured on the first day of experiment was optimal
for fish and required for adequate nitrification process. Nitrifying bacteria perform optimally at pH ranges
above 7 while tilapia also requires pH slightly higher than neutral, up to a pH of 9 (Beveridge & McAndrew,
2012). For the plant, however, pH lower than neutral is required. Nutrient uptake by plants is adequate at
pH ranging between 6 and 6.5 (Goddek et al., 2015). At pH higher than 7, nutrients tend to precipitate,
therefore, are not available for plants uptake. In our study, the plant benefitted from the decreasing trend in
pH over time. Kessens (2016) reported decrease in pH 38 days after the first cycle in an experiment
combining Nile tilapia and Swiss chard. The constant decrease in pH in our experiment may be due to
decrease in NH4+ since reducing NH4+ means reducing basicity and increasing acidity within the system.
Mean dissolved oxygen (DO) throughout the study period was 6mg/l (Table 4.1), well above the minimum
concentration (Rakocy, 1994) required in aquaponics systems in spite of increasing water temperature
(Somerville et al., 2014). According to reports from similar experiments, high water temperature can cause
DO to become a limiting factor especially if is near the minimum required amount in the system (Kessens,
2016). This indicates that despite increased water temperature in the fish tank in harvest two, mean DO
was still higher than minimum throughout the study period. The mean value also shows that the aeration
pump used in the system was sufficient to cater for the system inputs i.e. nutrient accumulation, kale growth,
as well as Nile tilapia growth.
Electrical conductivity (EC) measures specific salt nutrients in solutions.EC was maintained within optimal
range over the study period but decreased throughout the experiment (Table 4.1). EC range of 0.9dS/m –
3.2dS/m was estimated. The result confirms that kale perform optimally within the observed range. Kessens
(2016) in a culture of Nile tilapia and Swiss chard, another leafy vegetable, reported EC of 1.7 dS/m after
90 days. This means increased biomass and decreasing pH led to increased salt uptake in plant and
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decreased accumulation in water. However, EC can also reduce plants growth if it reaches 2dS/m
(Somerville et al., 2014), depending on the plant type. Dewir (2005), in a study of plants growth in
hydroponic systems, examined the shoots of Spathiphyllum and reported an EC value of 1.2dS/m. In
addition, Samarakoon et al. (2006) produced lettuce and Nile tilapia under a greenhouse hydroponic system
and reported high yield of lettuce and measured an EC of 1.4dS/m. These studies maintained an
observation that hydroponic leafy vegetables can perform optimally with EC ranging from 1.5dS/m to
2.5dS/m (Huett, 1994).
With regards to NO3- and P, high accumulation observed in the first crop harvest was due to lesser plant
biomass, smaller root area, as well as slower nutrient uptake while the declining concentration afterwards
up till day of second harvest is normal in aquaponic system due to more nutrient demand in the hydroponic
unit. Particuarly, increase in plant biomass, root area and nutrient uptake are expected with plant growth.
P level at the end of first harvest was a bit close to optimal range reported for leafy greens in hydroponic
systems – between 16 – 30 mg/l (Mattson & Peters, 2014). In contrast, da Silva Cerozi & Fitzsimmons
(2016) reported the optimal range of phosphorus at 11mg/l while maintaining a pH within 5.5 – 7.2.
Phosphorus mean value attained in our study seems close to optimum range for kale.
Increase in fish biomass over the period of the experiment increases NH4+ concentration in the first crop
harvest as observed in our experiment but declined drastically after over the study period. Plants can uptake
NH3, NH4+, NO2 as well as NO3- for growth but with least difficulty for NO3 (Seawright, 1998). This is most
possible in our study since there was no biological or mechanical filtration between the fish tank and the
grow beds. Ammonia laden fish wastewater was supplied directly to plants grow beds. It was assumed that
the sand bed used as support for the plant would create sufficient environment for microorganisms to act
on ammonia entrenched into grow beds and initiate nitrification. This claim is supported by a sharp decline
in ammonia level from a high level after at the first harvest to a lower level at the second harvest. To
safeguard fish from negative effects of toxic ammonia, NH4 should be maintained below 1mg/l (Somerville
et al., 2014).
4.1.2 Fish growth and productivity
Fish growth was monitored over the study period (Table 4.2 and Figure 4.1). Initial mean weight for
individual fish was 40 g. This increased to final mean weight of 83 g at the end of the experiment. Fish
mean length increased between 7 ±1.8cm at the start of the experiment to 17.5 ±3.0cm at the end of the
experiment. Similarly, fish stocking density increased from initial value of 10kg/m3 on the first day of
experiment to 19kg/m3 at the end of the experiment, hence, an absolute weight gain of 9kg was achieved.
Survival rate was 92%. Specific growth rate (SGR) was 0.7%.
Twenty (20) fish deaths were recorded over the study period. Most of the fish causalities were recorded
during the first crop harvest. Two main reasons were responsible for mortality in the first 56 days of the
experiment. For one reason, mean water temperature within the fish tank was lower than the optimal range
of 27-30°C recommended for tilapia (El-Sayed, 2006). Besides, water recirculation rate was low and
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estimated at 45% of the total volume per day, equivalent to a recirculation of only two-fifth (2/5th) of total
water volume per day. The recirculation rate was considered low compared to second harvest based on
visual observations of water quality. Poor water quality was, therefore, a possible cause of the lower than
optimal feed intake of fish in the system compared to the amount of feed required to nourish the fish biomass
per day. These two reasons -lower water temperature and lower recirculation rates - caused the fish tank
water to be saturated with uneaten and decomposing fish feed during the period. Also as a result of low
recirculation, NH4+ build-up in the fish tank was observed. This claim was supported by results of fish tank
water analysis which show NH4+ rising drastically from 2.45 mg/l on the first day of experiment to 10.5 mg/l
after 8 weeks (Table 4.1) before declining towards second harvest. Nonetheless, survival rate was high
92%. This is above the threshold of 90% reported in literature (Rakocy, 2004).
In second crop harvest, daily water recirculation rate was raised to 252% per day and water temperature
was increased. The recirculation rate was increased to 2.5 times a day. It was observed that visual water
quality as well as fish feed intake improved while fish death was reduced by 80%; 4 fish deaths were
recorded compared to 16 fish deaths in first crop harvest. It can be concluded that low temperature leads
to low feed intake by tilapia, poor water quality and fish casualities. Furthermore, the effect of increase in
water temperature confirmed from previous reports shows that tilapia growth can be reduced by 70% at
temperatures as low as 20° – 22°C (Thorarinsdottir et al., 2015; Teichert-Coddington, 2017). Diem (2017)
reported an excellent plant and fish performance from the treatment with highest recirculation rate in a study
which tested three different recirculation rates in an aquaponic system combining Nile tilapia with various
crops in 1m3 of water for 50 days. The conclusion supports our observation that increased recirculation rate
improves fish culture water for optimum fish growth. Silva (2018) that cultured Nile tilapia and Pak Choi
using root floating technique (RAFT) and dynamic root floating technique (DRFT) over 32 days with initial
stocking density of 2.6kg/m3. The study reported 1.69 kg/m3 and 1.71 kg/m3 productivity for tilapia in each
technique respectively. In our study, the equivalent number of days of production will produce an average
of 0.93kg/m3 (within 32 days). Thus, yield reported was almost twice that of our system.
4.1.3 Plant growth and productivity
Plant productivity was monitored throughout the study period (Table 4.3, Figure 4.2 and Figure 4.3). All
growth parameters in first harvest and second harvest showed similar mean values except for total leaves
fresh weight per plant, mean fresh weight per leaf, total yield per crop harvest and yield per square meter
for each crop harvest. Final mean leaf length was 21.6 ±1cm and 22.4 ±1.9cm in first and second crop
harvest respectively. Final mean leaf width was 8.4 ±0.4cm and 8.1 ±0.7cm for first harvest and second
harvest respectively. Number of leaves per plant attained a mean value of 15.6 ±0.9 and 19 ±2.4 for first
harvest and second harvest respectively. Average weight of individual leaf was estimated at 5.5 ±0.7 g in
first harvest and 9.3 ±0.2 g in second harvest. For each square meter, 2.1 kg fresh yield was produced in
first harvest while 4.4 kg fresh yield was produced in second harvest.
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Lisiewska et al. (2008) in a study of the influence of cultivar on harvest date of kale cultivated between June
2006 and July 2008 in conventional farming reported between 25 and 30 leaves per plant after 70 days
from transplanting. In comparison with our result, yield of kale in open field was 58% better than our results
with respect to number of leaves per plant. Balkaya and Yanmaz (2005) conducted an extensive study on
kale populations around Black Sea region of Turkey to develop kale varieties under soil conditions. Final
results after 107 days of cultivation show leaf length ranged between 15.9 and 21.9cm, leaf width ranged
between 10.4 and 13.2cm, number of leaves per plant ranged between 4 and 12.1, total leaves fresh weight
per plant range between 31g and 104.3g, mean leaf weight range between 7.8g and 11.3g. Results from
our IAVC experiment with sand bed as growth medium in an aquaponic setting under greenhouse
conditions performed better than kale growth in open field. Average leaf length, total leaves fresh weight
per plant and number of leaves per plant in our system performed by 16%, 92% and 114%, respectively,
more than kale cultivated in open field/soil farming. On the other hand, results show 42% and 29% higher
performance for mean leaf width and fresh weight per leaf, respectively. Total yield in our system was
23.4kg equivalent to 6.5kg/m2. Yield per square meter was estimated at 2.1kg. Overall, kale productivity in
aquaponic system based on our investigation demonstrates enhanced yield compared to most results found
in literature in conventional agriculture.
4.1.4 Water requirement
Water use within the experimental period was estimated by additions of water used to top-up reduction in
water volume in the fish tank (Table 4.4 and Figure 4.4). First harvest used 1,518 liters after 8 weeks (27
liters day-1) while second harvest recorded 1,760 liters usage after 6 weeks (44 liters day-1). Total water use
throughout the experimental period totaled 3,278 liters in IAVC over 14 weeks. Mean daily water use was
calculated as 34 liters day-1. In addition, average daily replacement over the study period was 3.4% day-1.
Also, water use in second harvest increased by 63% more than daily water use in first harvest.
Water consumption in an aquaponic system results from both fish and plant growth (Hambrey et al., 2013).
First crop harvest had a lower water use compared to second harvest because of higher evapotranspiration
resulting from higher mean daytime temperature values, increased plant water uptake and increased water
loss due to increased plant biomass and plant growth stage. Daily water replacement rate is estimated at
3.4% day-1. Daily replacement rate estimated in our study falls within the range reported in most literatures
(Naegel, 1977; McMurthy et al., 1997; Rakocy et al., 1997). This result is similar to the replacement rates
reported by Delaide et al. (2017) in his culture of tilapia with basil and lettuce for 164 days between spring
and summer. In the above study, higher replacement rate decreased nutrient concentration and improved
water quality for the fish. This study also confirmed similar result when replacement rate increased and
visual water quality improved accordingly. Kamal (2006) cultured Nile tilapia and bell pepper with
approximately 1m3 of water and 2m2 hydroponic area. The study reported a replacement rate of 4% day-1.
Masser et al. (1999) and Freitag et al. (2015) reported a higher daily water replacement rate ranging
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between 5 – 10% day-1. Local environmental factors influencing evapotranspiration rates such as season
of production, crop type and stage of growth, can influence replacement rates.
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4.1.5 Cost-benefit analysis
The following are the details of parameters and estimations used in the cost-benefit analysis:
i)

Calculation of investment (capital) costs:

Investment cost includes cost of purchase of infrastructure, the cost of labour for installing the infrastructure
as well as cost of professional services (consultancy services) during the installations. These costs were
estimated as a sum total of 34,730.12 Egyptian Pounds (purchase of infrastructure), 5,000 Egyptian Pounds
(labour for installing the infrastructures) and 5,000 Egyptian Pounds (professional services during
installation. Total investment cost is 44,730.12 Egyptian Pounds (see Appendix).
ii)

General costs:

Maintenance (servicing) cost was 1,000 Egyptian Pounds every 3 months. For a year, the total cost of
servicing equipment is totaled at 4,000 Egyptian Pounds. Purchase of glue totaled 175 Egyptian Pounds
per tube and cost of 6 tubes totaled 1,050 Egyptian Pounds. Total general cost is 5,050 Egyptian Pounds.
iii)

Production (output):
Fish:
Unit of production = 1 m3
Length of fish cycle = 1 year
Number of crop cycles per year = 1
Number of unit of production available in the greenhouse = 3
Plant:
Unit of production = 1 grow bed of 3.6m2 area
Length of crop harvest = 30 days
Number of crop harvests per year = 10
Number of unit of production available in the greenhouse = 3

PROJECTED OUTPUT OF FISH (PRODUCE) PER YEAR
*Fish:
Initial biomass in 3m3 fish tank

= 30kg

Weight gain between Mar – May months

= 27 kg

Projected weight gain between June – Aug

= 24kg

Projected weight gain between Sep – Nov

= 21kg

Projected weight gain between Dec – Feb

= 18kg

Total Annual Projected Yield:
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= 30 kg + 27kg + 24kg + 21kg + 18kg
= 120kg per fish cycle per year
Annual total yield of fish for each cubic meter in the greenhouse = 120kg / 3 = 40kg per
cubic meter per year.
Assuming half of the fish output was sold at the minimum market price and the other half
was sold at maximum price, total sales will be calculated as:
60kg X 27 = 1,620 EGP
60kg X 38 = 2,280 EGP
Total fish sales = 1,620 EGP + 2,280 EGP = 3,900 EGP
*Plant
From table 4.1, estimated yield for kale per 10.8m2 per year =
Yield in April

(First harvest) per m2

=

Yield in April (First harvest) over 10.8m2 =10.8 X 2.1 =

2.1kg
22.68

22.68

Yield in May (Second harvest) per 10.8m2 =10.8 X 4.4 = 47.52
+

47.52

+
Yield in May (Second harvest) per m2 =4.4

Projected Yield for each subsequent month:

June

=

47.52

July

=

47.52

Aug

=

47.52

Sep

=

47.52

Oct

=

47.52

Nov

=

47.52

Dec

=

47.52

Jan

=

47.52

Feb

=

Nil

Mar

=

Nil

380.16

380.16
450.36

Therefore, total annual kale yield = 450kg per 10.8m2 grow bed area per year
80% of 450kg will be used for the cost benefit analysis assuming 20%loss
80% of 450 = 360.3kg
Kale yield for 10.8m2 per crop harvest is determined by: =Total Kale yield per 10.8m2 per year
Number of crop harvests obtainable per year
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=360
10
=36kg per 10.8m2 per crop harvest
=3.3kg per m2 per crop harvest
Retail prices of kale averages 80 EGP per kg.
Total projected sales income of kale was estimated as:
Average projected price
80 EGP
=

iv)

X
X

Annual projected yield

360 kg

28,800 EGP

Annual total income from sales:

Total projected sales income of tilapia per year + Total sales income of kale per year
=
Total Income per year =

v).

3,900 EGP

+

=

28,800 EGP

32,700 EGP

Operation cost:

This was estimated as the sum total of:
Cost of labour for fish and plant production
Cost of electricity
Cost of fish grow out
Cost of fish feed
Cost of water
Cost of kale seedlings
a.

Cost of labour for fish and plant production

Cost of labour is excluded from the analysis. Since the business is a family-scale business, the CBA
assumes members of the family are sufficient to take care of the labour. Thus, no labour cost is envisaged
except the cost of serviving equipments or installation of new equpiments or machineries.
b.

Cost of electricity

kwh per year = 10,950
Cost per kwh = 0.5 EGP
Total electricity cost = 5,475 EGP
c.

Cost of fish grow out

Initial fish biomass = 30kg
Cost per kg = 25
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Total cost of fish purchased = 750 EGP
d.

Cost of fish feed

Total fish feed per year = 254.4kg
Cost per kg = 31.4
Total cost of fish feed per year = 7988.16 EGP
e.

Cost of water

Total water consumed per day per 3.6m2 grow area = 34 liters
Total water consumed for 10.8m2 grow area per day= 102 liters
Total water consumed for 10.8m2 grow bed per year = 102 X 365 = 37,230 liters = 37.23m3
Cost of cubic meter of water = 2.15 EGP
Total cost of water per year = 2.15 X 37.23 = 80 EGP
f.

Cost of kale seedlings

Total seedlings used = 270
Cost of per seedling = 1.11 EGP
Total cost of kale used for production = 299.7 EGP
TOTAL OPERATION COST = 14,592.86 EGP

vi).

General costs:

General cost is a sum of cost of servicing equipment in the greenhouse and cost of maintenance material
(e.g. glue bought at 175 EGP)
a.

Cost of servicing

Servicing cost every 3 months = 1,000 EGP
Servicing cost per year = 1,000 EGP X 4 = 4,000 EGP per year
b.

Cost of material input during servicing

Cost of glue purchased = 175 EGP per tube
6 tubes used within a year = 175 X 6 = 1,050 EGP
TOTAL GENERAL COST PER YEAR = 5,050 EGP

vii).

Other maintenance costs:

All other maintenance costs miscellaneous service was estimated at 801.76 EGP

From the above estimations, the cost benefit analysis was projected for production of tilapia and kale with
3m3 fish tank volume and 10.8m2 grow bed area. The farm produced 120 kg of fish and 360 kg of kale,
annually. In Table 4.5, costs estimated in the model CBA analysis include investment (capital) costs and
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recurrent costs. Recurrent costs include maintenance costs, general costs, replacement costs and
operation costs. Per annum maintenance cost was EGP 801.76, general cost was EGP 5,050, operation
cost was EGP 14,322.84 while capital (investment) cost was EGP 44,723.67. Total income was EGP
32,700. An exchange rate of EGP 16.03 for US$ 1 was used in the cost benefit analysis. Details of all
financial calculations are shown in the appendices.
Table 4.6 summarizes cost-benefit analyses results. All values were based on the whole 15-year period of
analysis except the net profit/loss which was reported for the first year only. Net profit at the end of year 1
amounted to a loss of EGP 32,198.27 (US$2,009). In the 15-year period of analysis, payback period was
4.4 years (i.e. 4 years and 5 months). Internal rate of revenue (IRR) was 19% and NPV was EGP 64,536.39
(US$4,026). The cost-benefit analysis applied inflation rate of 14.10%, and a discount rate of 16%, over 15
years.
4.1.6 Challenges
During the experiment, a number challenges were identified in IAVC system. This includes clogging of drip
network system due mainly to the absence of mechanical filter. Furthermore, the size of growth medium
(sand) seemed not to be the most suitable for the drip network system since particles can easily clog the
drip networks. Regular flushing was maintained in order to obtain optimum water recirculation. Aphids and
mildews attack as well as other insect pests were observed. Traps were installed to catch insect pests.
Visual quality of water was observed to be consistently poor, giving indications of low recirculation or
absence of mechanical filtration i.e. removal of insoluble solids. The scale of the by-pass system installed
to meet the mechanical filtration of the water was not sufficient to cater for increasing metabolites and big
solids accumulating within the aquaculture system.

33

4.2

Pilot-scale evaluation of deep-water culture (DWC) aquaponic system

4.2.1 Water quality
Table 4.7 shows variations in various water quality parameters over the study period. Mean values of water
temperature was 28°C. pH mean value ranged between 6.5 and 7. DO mean value was 5 mg/l. Mean value
of EC ranged between 0.75dS/m and 0.8 ±0dS/m. Mean value of NH4+ ranged between 0.7mg/l and
1.4mg/l. NO3- mean value ranged between 0.7mg/l and 4.1mg/l. Mean value of P ranged between 4.4mg/l
and 5.9mg/l. Ca2+ values range between 2.96meq/l and 3.1meq/l. Fe was below detection range.
Water temperature is essential for optimum fish, bacteria and plants growth. Mean water temperature over
the study period was 28°C (Table 4.7). The value is within the optimal range of 27°C and 30°C (El-Sayed,
2006). In our study, the effect of optimum water temperature might have led to higher feeding rate and
increased fish metabolism in the beginning of the experiment .
In our study, kale showed serious signs of low nutrients uptake over the study period and the symptoms
were more elaborate towards the last 4 weeks. Kale growth was noticed with yellowing of older leaves and
greener young leaves. This symptom signaled nitrogen deficiency (INMED, 2015; Thorarinsdottir et al.,
2015). Few other plants were marked with greener old leaves but bleached young leaves. This means a
deficiency in iron (INMED, 2015; Thorarinsdottir et al., 2015)
Kessens, (2016) reported decrease in pH 38 days after the first cycle in the experiment combining Nile
tilapia and Swiss chard. The constant level of pH in our experiment may be due to low nitrification. But the
low level of ammonia does not support this explanation since nitrate level was also low. In comparison to
this and other similar studies, the only possible explanation for low nitrate and ammonia is low feed intake
experienced in the first few weeks of the experiment, slow growth of fish and generally low nutrient. Mean
DO value over the study period was 5 mg/l respectively (Table 4.7). This is close to optimum range (Rakocy,
1994) required in aquaponic systems. Increased water temperature in the fish tank did not affect DO.
EC values ranging from 0.75dS/m to 1.4dS/m were estimated while EC range of 1.5dS/m and 2.5dS/m is
required in aquaponic systems (Huett, 1994). This shows that EC in DWC was below optimal range.
Kessens (2016) in a culture of Nile tilapia and Swiss chard reported EC of 1.7 dS/m after 90 days. This
value was within recommended range. Because a relatively high EC is indicative of high salt nutrient
concentration in a system, it can be concluded that DWC system performed poorly with regards to nutrient
availability. Samarakoon et al. (2006) produced lettuce and Nile tilapia under a greenhouse hydroponic
system. The study reported a high yield of lettuce and measured an EC of 1.4dS/m. These studies
maintained an observation that hydroponic leafy vegetables can perform at optimum levels with EC ranging
from 1dS/m to 2dS/m if the plant requires low nutrient. With regards to NO3- and P, a slight accumulation
was observed on the last day of experiment. NO3- optimal range is reported to be around 10 – 150 mg/l
(Somerville et al., 2014). In our system, nitrate level on the last day of experiment was below optimal range,
resulting in stunted growth. There is a negative correlation in nitrate and ammonia level. This is normal for
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nitrification process because as nitrification increases, ammonia level decreases while nitrate level
increases. P level in our system was higher than optimum level required by leafy vegetables as
demonstrated by Rakocy (2004). Accordingly, phosphorus value attained in our study can be said to be
around a suitable range for kale.
4.2.2 Fish growth and productivity
Fish growth was monitored over the study period (Table 4.8 and Figure 4.5). Initial mean weight for
individual fish was 40 g. This increased to final mean weight of 113 g at end of study period. Fish mean
length increased between 7 ±1.8cm at the start of the experiment to 20 ±3.0cm at the end of the experiment.
Similarly, fish stocking density increased from initial value of 10kg/m3 on the first day of experiment to
27kg/m3 at the end of study period, hence, an absolute weight gain of 17kg. Survival rate was 96%. Specific
growth rate (SGR) was estimated as 0.9% day-1.
Water quality, temperature and DO are some of the most important parameters monitored for optimum fish
performance in any aquaponic system. Mean fish length and weight more than tripled at the end of the
study. The fish growth benefited from optimal water temperature since fish growth can be reduced by 70%
at temperatures as low as 20°C – 22°C (Thorarinsdottir et al., 2015; Teichert-Coddington, 2017).
Fish production was 2.8kg/m3. Similar studies include Silva (2018) that cultured Nile tilapia and pak choi
using root floating technique (RAFT) and dynamic root floating technique (DRAFT) over 32 days. The
investigated reported 1.69 kg/m3 to 1.71 kg/m3 productivity for tilapia. In our study, the equivalent
productivity would be 0.93kg/m3 using the same 32 days. Thus, yield reported was almost twice of our
system yield. A possible explanation is that parameters in such study yielded better growth conditions for
tilapia than our system.
4.2.3 Plant growth and productivity
Table 4.9 and Figure 4.6 present plant productivity parameters monitored throughout the period of the
experiment. Mean leaf length, leaf width, number of leaves per plant, plant height, leaves fresh weight per
plant, fresh weight per leaf, total yield per harvest, and yield per square meter over the study period were
26.5 ±2.5cm, 9.6 ±0.8cm, 19 ±2.4, 49.4 ±7.5cm, 213.4 ±12.4g, 10.3 ±1g, 19.2 ±5.7kg, and 5.3 kg m-2
respectively.
Balkaya and Yanmaz (2005) conducted an extensive study on kale populations around Black Sea region
of Turkey in an attempt to develop kale varieties suitable for fresh consumption from kale growing in open
soil conditions. Final results after 107 days of cultivation show leaf length ranged between 15.9 and 21.9cm,
leaf width ranged between 10.4 and 13.2cm, number of leaves per plant ranged between 4 and 12.1, total
leaves fresh weight per plant ranged between 31g and 104.3g, mean leaf weight ranged between 7.8g –
11.3g. Generally, results from our experiment using DWC aquaponic system under greenhouse conditions
performed better than kale growth in open field. Average leaf length, total leaves fresh weight per plant,
number of leaves per plant and fresh weight per leaf in our system performed by 40%, 216%, 136% and
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11%, respectively, more than kale cultivated in open field/soil farming. On the other hand, the results show
23% higher performance for mean leaf width than our yield. Biomass increased steadily and total yield was
23.4kg equivalent to 6.5kg/m2. Yield per square meter was estimated at 2.1kg.
4.2.4 Water requirement
Water use within the experimental period was estimated by additions of the amount of water used to topup reduction in water volume in the whole system (Table 4.10 and Figure 4.7). Total water use throughout
the experimental period totaled 2,832 liters in DWC, thus, daily water use was put at 25 liters day-1 while
daily mean replacement rate was 2.6% day-1. The water replacement rate per day calculated from this study
is within the range reported in several other studies (Rakocy et al., 2004; Savidov, 2005; Al-Hafedh et al.;
2008). Similarly, the replacement rates reported by Delaide et al. (2017) in a culture of tilapia with basil and
lettuce for 164 days between spring and summer was comparable to our study. In the study, higher
replacement rate decreased nutrient concentration and improved water quality. In our study, similar
observation was noted when replacement rate was increased. The study reported a recirculation rate of
4% of the fish tank volume per day.
Kale yield per cubic meter of water used was 5.3 kg m-3 and water volume consumed per square meter of
growing area was 0.2 m3 m-2. This is equivalent to 3.8kg of tilapia and 1.8kg of kale per cubic meter of water
use. Silva (2018) tested Pak Choi and Nile tilapia using in two aquaponic systems over 32 days and reported
a productivity of 1.7kg of tilapia and 7.37kg of Pak Choi per cubic meter of water used. Plant yield for both
system was therefore at par but fish yield in our study was higher than fish yield in terms of cubic meter of
water use. Diem (2017) reported a much smaller value at over a 25-day experiment culturing Nile tilapia in
a recirculation system. The result showed that one cubic meter of water produced 1 kg of tilapia. This is
about half of yield in IAVC.
4.2.5 Challenges
Poor growth was noticed in the growth of kale majorly in the 3rd and 8th week of experiment. The first set of
symptoms identified in the 3rd week includes stunted growth, yellowing/death of older leaves, as well as
attack from aphids, mildews and larva of insects. The stunted growth may be due to low nitrification or high
pH leading to higher nutrient precipitation. These symptoms affected the visual quality and output of kale
in DWC.
Furthermore, stunted growth was identified as a symptom of lack of sufficient oxygen supply in the grow
bed during the first 3 weeks of the experiment. During this period, the continuous circulation of oxygenladen fish water from the fish tank was not sufficient to cater for the oxygen demand of kale. Yield was,
therefore, affected significantly and only one crop harvest was possible after fourteen weeks. Aeration tubes
were added to address this problem. After week 5, an improved growth rate was observed.
Nutrient deficiency was also observed with yellowing and death of older leaves in the first 3 weeks as well
as bleaching of larger leaves in the 8th week till the 14th week. Yellowing/death of older leaves was linked
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with deficiency in nitrogen (Gangenes Skar et al., 2015; INMED, 2015). Younger leaves also showed
nutrient deficiency attributable to lack of iron. These deficiencies can be suppressed by foliar spray with
nitrogen supplements as well as iron chelate (Somerville et al., 2014) to ensure attractive plant visual quality
and better productivity.

37

Table 4.1: Water quality parameters measured at the start of experiment, end of first harvest and end of second
harvest in IAVC

Source Water at

First harvest

start of experiment

Fish

Grow Bed

Second harvest
Sump

Fish

Tank

Tank

Grow Bed

Sump

Para.

Units

from source water

Tank

Temp

(OC)

22±1

26

-

-

29

-

-

pH

-

7.6

6.9

6.8 ±0.1

6.8

6

6.2 ±0.3

6.5

DO

(mg/l)

6.6

6

-

-

6

-

-

EC

(dS/m)

0.52

3.24

1.3 ±0

1.36

0.91

1.28 ±0.1

1.24

Ca2+

meq/l

2.82

3.24

5.0 ±0.3

4.51

4.79

6.2 ±0.1

6.06

K+

meq/l

0.13

1.43

1.4 ±0.1

1.61

0.70

0.79 ±0.1

0.79

NH4+

mg/l

2.45

10.5

7.7 ±1.2

6.4

2.1

1.17 ±0.4

2.1

NO3-

mg/l

2.45

10.5

10 ±3.9

19.6

0.9

2.57 ±1.1

0.7

P

mg/l

<1.5

11.68

7.3 ±3.3

14.18

3.0

5.39 ±0.6

5.46

Fe

mg/l

<0.2

0.056

<0.2

<0.2

<0.2

<0.2

<0.2

Tank

*Legend: Temp = Temperature, pH=hydrogen ion concentration, DO = Dissolved Oxygen, EC = Electrical
conductivity, Ca2+ = Calcium ion, K+ = Potassium ion, NH4+ = Ammonia, NO3- = Nitrate, P = Phosphorus,
Fe = Iron
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Table 4.2: Summary of tilapia growth and productivity parameters in IAVC over the study period

Parameters

Unit

Value

Initial mean weight for individual fish

g

40

Final mean weight of individual fish

g

83

Initial mean length

cm

7 ±1.8

Final mean length

cm

17.5 ±3.0

Survival rate

%

92

Initial fish stocking density

kg/m3

10

Final fish stocking density

3

kg/m

19

kg

9

%day-1

0.7

Total weight gain
Specific Growth Rate (SGR)
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Table 4.3: Summary of kale growth and productivity parameters in IAVC over the study period

Parameters

Unit

First harvest

Second
harvest

Leaf length

cm

21.6 ±1.0

22.4 ±1.9

Leaf width

cm

8.4 ±0.4

8.1 ±0.7

-

16 ±0.9

19 ±2.4

cm

45.9 ±1.4

53.5 ±3.4

Mean fresh weight per leaf

g

5.5 ±0.7

9.3 ±0.2

Total leaves fresh weight per plant

g

85.8 ±13.7

174.9 ±25.9

Total yield over 3.6 square meter

kg

7.7

15.7

2.1

4.4

Number of leaves per plant
Plant height

Total Yield per square meter

-2

Kgm

40

Table 4.4: Water requirement and daily water replacement rates in IAVC over the study period

Parameters

Unit

First harvest

Second

Total

harvest
Water use over the study period

Liters

1,518

1,760

3,278

Average daily water use

Liters

-

-

34

% day-1

-

-

3.4

Daily replacement rate
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Table 4.5: Cost-benefit analysis for aquaponic production using 3m3 of water and 10.8m2 of growing area

Year

Income
Sales
Salvage
Residual
Total

Costs
Operation
Replacement
General
Maintenance
Investment
Total
Net income

1

2

14,322.84
670.00
5,050.00
801.76
0.00
20,844.60
11,922.40

3

14,322.84
7,116.00
5,050.00
801.76
0.00
27,290.60
5,577.36

4

14,322.84
2,660.00
5,050.00
801.76
0.00
22,834.60
12,587.40

5

14,322.84
7,116.00
5,050.00
801.76
0.00
27,290.60
5,577.36

6

14,322.84
7,083.29
5,050.00
801.76
0.00
27,257.89
6,797.79

7

14,322.84
9,106.00
5,050.00
801.76
0.00
29,280.60
6,242.36

8

14,322.84
3,116.38
5,050.00
801.76
0.00
23,290.98
9,590.40

9

14,322.84
7,116.00
5,050.00
801.76
0.00
27,290.60
5,577.36

10

14,322.84
2,660.00
5,050.00
801.76
0.00
22,834.60
12,587.40

11

14,322.84
14,269.29
5,050.00
801.76
0.00
34,443.89
-34.85

12

14,322.84
670.00
5,050.00
801.76
0.00
20,844.60
11,922.40

13

14,322.84
9,106.00
5,050.00
801.76
0.00
29,280.60
6,242.36

14

14,322.84
670.00
5,050.00
801.76
0.00
20,844.60
11,922.40

15

14,322.84
9,562.38
5,050.00
801.76
0.00
29,736.98
19,182.54

32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00
0.00 67.00 167.96 2,722.00 167.96 1,355.68 2,822.96 181.38 167.96 2,722.00 1,709.04 67.00 2,822.96 67.00 282.34
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 15,937.18
32,700.00 32,767.00 32,867.96 35,422.00 32,867.96 34,055.68 35,522.96 32,881.38 32,867.96 35,422.00 34,409.04 32,767.00 35,522.96 32,767.00 48,919.52

14,322.84
0.00
5,050.00
801.76
44,723.67
64,898.27
-32,198.27
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Table 4.6: Summary of financial indicators for the cost-benefit analysis in IAVC aquaponic system

Financial Indicator

Unit

Proposed Project

Net income for first year

EGP

-32,198.27

Payback period

Years

4.4

Internal rate of return

%

19%

Period of Analysis

Years

15

Net present value

EGP

64,536.39
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Table 4.7: Summary of water quality parameters in DWC at the beginning and end of experiment

End of
Experiment
Source Water at start of

Fish

experiment

Tank

Grow Bed

Tank

C

22 ±2

28 ±3

-

-

pH

-

7.6

6.5

7.1 ±0.1

7.2

DO

mg/l

8 ±1

5 ±2

-

-

EC

dS/m

0.52

0.75

0.8 ±0

0.77

Ca2+

meq/l

2.82

2.96

3.1 ±0.2

2.96

K+

meq/l

0.13

0.68

0.6 ±00

0.57

NH4+

mg/l

2.45

1.4

0.8 ±0.2

0.7

NO3-

mg/l

2.45

3.5

4.1 ±1.7

0.7

P

mg/l

<1.5

4.4

5.9 ±0.2

5.249

Fe

mq/l

<0.2

<0.2

<0.2

<0. 2

Unit

Para.
O

Temp( C)

O

Sump

*Legend: Temp = Temperature, pH=hydrogen ion concentration, DO = Dissolved Oxygen, EC = Electrical
conductivity, Ca2+ = Calcium ion, K+ = Potassium ion, NH4+ = Ammonia, NO3- = Nitrate, P = Phosphorus,
Fe = Iron
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Table 4.8: Summary of tilapia growth and productivity parameters in DWC over the study

Parameters

Unit

Value

Initial average weight of individual fish

g

40

Final mean weight of individual fish

g

113

Initial mean length

cm

7 ±1.8

Final mean length

cm

20 ±3.0

Survival rate

%

95.6

(kg/m3)

Initial fish stocking density

3

Final fish stocking density
Total Weight Gain
Specific growth rate (SGR)

45

10

(kg/m )

27

kg

17

%day-1

0.9

Table 4.9: Summary of kale growth and productivity in DWC over the study period

Parameter

Unit

Value

Leaf length

cm

26.5 ±2.5

Leaf width

cm

9.6 ±0.8

-

19 ±2.4

cm

49.4 ±7.5

Mean leaf fresh weight

g

10.3 ±1.0

Leaf fresh weight per plant

g

213.4 ±12.4

Total yield per crop harvest

Kg

19.2

Total Yield per square meter

Kg

5.3

Number of leaves per plant
Plant height
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Table 4.10: Water requirement and daily water replacement rates recorded in DWC over the study period

Parameters

Unit

Value

Water use over the study period

Liters

2,382

Average daily water use

Liters

25

% day-1

2.6

Replacement rate
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Figure 4.1: Tilapia growth in length and weight in IAVC over the study period.

48

= Standard error

Figure 4.2: Increase in kale leaf length and width monitored in IAVC over the study period.

49

= Standard error

Figure 4.3: Increase in height and number of leaves of kale in IAVC.

50

= Standard error

Figure 4.4: Total water requirement and daily water replacement in IAVC over the study period

51

Figure 4.5: Tilapia growth and productivity monitored in DWC over the study period.

52

= Standard error

Figure 4.6: Kale growth and productivity monitored in DWC over the study period.

53

= Standard error

Figure 4.7: Water requirement in DWC over the study period
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Chapter 5: Conclusion and recommendation
5.1

Conclusion

This study combines kale (Brassica oleracea var. acephala) with Nile tilapia (Oreochromis niloticus)
production in two aquaponic systems: integrated aqua-vegeculture (IAVC) system and deep-water culture
(DWC) system (pilot scale evaluation). Both experiments were evaluated for a period of 14 weeks. For both
systems, the growth and productivity of Nile tilapia and curly kale were evaluated, water requirement (use)
was determined and a cost-benefit analysis assessed for IAVC system only.
Kale yield in an aquaponic system ranges between 2.1kg/m2 and 4.4kg/m2 in IAVC while kale yield in DWC
was 5.3kg/m2 after 14 weeks. Fish production er the study period was 19kg/m3 for IAVC and 27kg/m3 for
DWC after 14 weeks. Daily water requirement in an aquaponic system varies between 2.6% and 3.4% of
total water volume in the system. Cost-benefit analysis shows that high-value crops can generate profit
after 4 years and 5 months. IRR was 19%, NPV was 64,536.39EGP (US$4,026). Due to the presence of
mechanical and biological filters in DWC, water quality was efficient for fish growth as against IAVC. Also,
the drip system can experience frequent clogging preventable by the addition of a mechanical filter. Damp,
moist conditions around the grow bed might lead to spawning of diseases/infections especially during hot
seasons.
Even though recirculation was continuous is the DWC system, water quality was not efficient for kale
growth. Plant growth rate at the beginning of the experiment was low due to lack of oxygen within the deepwater culture. Therefore, plant quality was low. In the IAVC, however, water quality conditions yielded better
plant quality compared to DWC which showed significant signs of nutrient deficiency.
Finally, this research asserts that small-scale aquaponic systems can generate positive net financial benefit
before the first five years. Therefore, financial feasibility is high.
5.2

Recommendation

To improve the IAVC system design, addition of mechanical filter is a good way to reduce problems of drip
system blockage. The system can be fully automated to enhance the effectiveness of monitoring and
maintenance. Also, summer conditions can allow rapid growth of insect pests within the greenhouse.
Greenhouses should be sophisticated against insect pest introduction and aeration should be employed to
combat negative effects of high in greenhouse humidity and temperature. Scale of production is very
important in aquaponic production. Further studies on the various scales of production and their potential
influence on the profitability of the aquaponic system might be useful in this respect.
DWC system need further improvements in system design, but has potential to increase fish production.
Early detection systems that monitors changes in water quality will prevent poor growth conditions for
plants, increase marketability and reducing yield loss. Therefore, adequate water quality monitoring, before,
during and after operation is advised.
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As a sustainable agricultural practice, aquaponic systems come with great potential to eradicate some of
the world food problems, resources scarcity, and it can be adapted to local environment. There is still lack
of wide adoption and acceptability as a business enterprise. Therefore, more capacity development is also
suggested through institutions that promote policies, create awareness, empower communities, and
develop programmes tailored toward environmentally-friendly aquaponic farming.
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APPENDIX I:

INVESTMENT COSTS DETAILS

Description Unit type Number ofUnit
unitscost

Total cost

Donation

Own resourcesFinanced

Economic life (years)

Wooden box m2

2

1,000.00

2,000.00

0.00

0.00

2,000.00

5

Black plastic m2

21

40.00

840.00

0.00

0.00

840.00

3

2

1,000.00

2,000.00

0.00

0.00

2,000.00

7

18.32

1.00

18.32

0.00

0.00

18.32

5

7.65

40.00

306.00

0.00

0.00

306.00

15

Power strip m

2

60.00

120.00

0.00

0.00

120.00

5

Electrical timer
piece

1

270.00

270.00

0.00

0.00

270.00

3

32 mm pvc end
(m)
plug

2

10.00

20.00

0.00

0.00

20.00

15

32 mm pvc end
piece
male adapter

2

20.00

40.00

0.00

0.00

40.00

15

elbow 32 mm m
pvc

6

15.00

90.00

0.00

0.00

90.00

15

socket 32 mmm
pvc

2

7.00

14.00

0.00

0.00

14.00

15

tee 32 mm pvcm

2

20.00

40.00

0.00

0.00

40.00

15

socket 1" pvc m
thread

6

7.00

42.00

0.00

0.00

42.00

15

socket 32 mmm
pvc thread

2

7.00

14.00

0.00

0.00

14.00

15

12

20.00

240.00

0.00

0.00

240.00

15

socket 1" pvc m

6

7.00

42.00

0.00

0.00

42.00

15

1" pvc union m

2

30.00

60.00

0.00

0.00

60.00

15

valve 1" pvc m

2

50.00

100.00

0.00

0.00

100.00

7

male adapter mm
1" \ 16 mm

2

5.00

10.00

0.00

0.00

10.00

7

valve 16 mm PE
piece

8

15.00

120.00

0.00

0.00

120.00

7

1" disc filter piece

2

120.00

240.00

0.00

0.00

240.00

10

elbow 1" mm mm
pvc

2

15.00

30.00

0.00

0.00

30.00

15

tee 1" mm pvcmm

4

20.00

80.00

0.00

0.00

80.00

15

16 mm lateralpiece
end

8

0.50

4.00

0.00

0.00

4.00

7

16 mm elbow piece

50

1.97

98.50

0.00

0.00

98.50

7

tee 16 mm PEmm

52

2.19

113.88

0.00

0.00

113.88

7

piece

180

2.19

394.20

0.00

0.00

394.20

5

Holes maker piece

1

8.77

8.77

0.00

0.00

8.77

5

Floater (Pedreloo)
piece

2

70.00

140.00

0.00

0.00

140.00

1

White tank

(m3)

Irrigation hoses
(m)(m)
Irrigation pipes
(m)

male adapter inches
1"

Drippers`
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APPENDIX II: INVESTMENT COST DETAILS (CONTINUED)
Small pump 75w

2

250.00

500.00

0.00

0.00

500.00

1

Lamp (220v) piece

1

10.00

10.00

0.00

0.00

10.00

1

Lamp base

piece

2

10.00

20.00

0.00

0.00

20.00

5

lamp switch piece

2

10.00

20.00

0.00

0.00

20.00

1

50

10.00

500.00

0.00

0.00

500.00

10

Air pump (90 W)
piece

2

1,000.00

2,000.00

0.00

0.00

2,000.00

5

Water pump piece

2

1,000.00

2,000.00

0.00

0.00

2,000.00

2

32

5.00

160.00

0.00

0.00

160.00

5

160

1.00

160.00

0.00

0.00

160.00

5

90

8.00

720.00

0.00

0.00

720.00

3

Greenhouse frame
lump sum

1

15,000.00

15,000.00

0.00

0.00 15,000.00

25

Fan

piece

2

600.00

1,200.00

0.00

0.00

1,200.00

5

Air stones

piece

16

10.00

160.00

0.00

0.00

160.00

3

16

2.00

32.00

0.00

0.00

32.00

5

3

1,482.00

4,446.00

0.00

0.00

4,446.00

2

Stainless steelpiece
sink strainer

6

50.00

300.00

0.00

0.00

300.00

5

Water

3

2.15

6.45

0.00

0.00

6.45

5

34,730.12

0.00

0.00 34,730.12

Electrical cables
m

Aluminium duct
m
2 mm wire

m

Greenhouse plastic
m2 cover

Spaghetti hoses
(m)
Heater

piece

m3

Subtotal

Labour
Description Unit type Number ofUnit
unitscost
Labours for greenhouse
p/year(s)

1

5,000.00
Subtotal

Total cost

Donated resources
Own resourcesFinanced resources

5,000.00

0.00

0.00

5,000.00

5,000.00

0.00

0.00

5,000.00

Professional services
Description Unit type Number ofUnit
unitscost
Consulting

piece

5

1,000.00
Subtotal

Total

Total cost

Donated resources
Own resourcesFinanced resources

5,000.00

0.00

0.00

5,000.00

5,000.00

0.00

0.00

5,000.00

44,730.12

0.00

0.00 44,730.12
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APPENDIX II: GENERAL COST DETAILS

Supplies & services
Description
Maintenance (Servicing)
Mainenance (Glue)

Unit type Unit cost Number of units Total cost Own resources Cash Cost
p/3 months 1,000.00
4 4,000.00
0.00 4,000.00
tube
175.00
6 1,050.00
0.00 1,050.00
Subtotal
5,050.00
0.00 5,050.00

Personnel
Description
Labour (Staff)

Unit type Unit cost Number of units Total cost Own resources Cash cost
p/year(s)
0.00
0
0.00
0.00
0.00
Subtotal
0.00
0.00
0.00
Total
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5,050.00

0.00 5,050.00

APPENDIX III: OPERATION INCOME AND COST BY PRODUCE PER UNIT OF PRODUCTION PER
CROP HARVEST

Fish
Sales income (per unit of production per cycle)
Item
Fish (minimum price)
Fish (minimum price)

Input Material cost (per unit of production per cycle)
Item
Electricity
Fish grow out
Fish feed

Labour cost (per unit of production per cycle)
Item
Labour

Plant
Sales income (per unit of production per cycle)
Item
Plant (minimum retail price)
Plant (minimum retail price)

Input Material cost (per unit of production per cycle)
Item
Water
Kale seedlings

Labour cost (per unit of production per cycle)
Item
Labour for plant production

Sales unit
kg
kg

Units produced Quantity
Units soldused internally
Unit
(not
sale
sold)
price Transport cost/unit Total income Total cash income
20
20.00
27.00
0.00
540.00
540.00
20
20.00
38.00
0.00
760.00
760.00
Subtotal
1,300.00
1,300.00

Units used
0

Quantity
Quantity drawn
purchased
from own
Unitresources
cost
0.00
11,375.00
Subtotal

Totals
Income
Costs
Net income

Total cash cost
0.00
0.00

Total cost

0.00
0.00

1,300.00
4,737.72
-3,437.72

Units produced Quantity
Units soldused internally
Unit
(not
sale
sold)
price Transport cost/unit Total income Total cash income
6.00
80.00
0.00
480.00
480.00
6.00
80.00
0.00
480.00
480.00
Subtotal
960.00
960.00
6
6

1,300.00
4,737.72
-3,437.72

Purchase unit Units used
Quantity
Quantity drawn
purchased
from own
Unitresources
cost
Transport cost/unit Total cost
Total cash cost
kwh
3,650
3,650.00
0.50
0.00
1,825.00
1,825.00
kg
10
10.00
25.00
0.00
250.00
250.00
kg
84.8
84.80
31.40
0.00
2,662.72
2,662.72
Subtotal
4,737.72
4,737.72
Unit type
p/year(s)

Sales unit
kg
kg

Units used
0

Quantity
Quantity drawn
purchased
from own
Unitresources
cost
0.00
1,137.50
Subtotal

0.00
0.00

960.00
3.66
956.34

Total cash cost
0.00
0.00

Total cost

960.00
3.66
956.34

Purchase unit Units used
Quantity
Quantity drawn
purchased
from own
Unitresources
cost
Transport cost/unit Total cost
Total cash cost
m3
1.24
1.24
2.15
0.00
2.67
2.67
counts
9
9.00
0.11
0.00
0.99
0.99
Subtotal
3.66
3.66
Unit type
p/year(s)

Totals
Income
Costs
Net income
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APPENDIX IV: CASH FLOW ANALYSIS

Year
INCOME
Main
income
Sales
Salvage
Subtotal
Financing
sources
Loan for
working
capital
Subtotal
Total
income
EXPENSES
Investment
costs
Initial
investment
Replacement
Subtotal
Recurrent
costs
Operation
General
Maintenance
Subtotal
Primary
interest
Subtotal
Total
expenses
Profit

2019

2020

2021

2022

2023

2024

2025

32700
0
32700

32700
67
32767

32700
168
32868

32700
2722
35422

32700
168
32868

32700
1356
34056

32700
2823
35523

64822

0

0

0

0

0

0

64822

0

0

0

0

0

0

97522

32767

32868

35422

32868

34056

35523

44724

0

0

0

0

0

0

0
44724

670
670

7116
7116

2660
2660

7116
7116

7083
7083

9106
9106

14323
5050
802
20175

14323
5050
802
20175

14323
5050
802
20175

14323
5050
802
20175

14323
5050
802
20175

14323
5050
802
20175

14323
5050
802
20175

850

0

0

0

0

0

0

850
65748

0
20845

0
27291

0
22835

0
27291

0
27258

0
29281

-32198

11922

5577

12587

5577

6798

6242
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CASH FLOW ANALYSIS (CONTINUED)

Year
INCOME
Main
income
Sales
Salvage
Subtotal
EXPENSES
Investment
costs
Initial
investment
Replacement
Subtotal
Recurrent
costs
Operation
General
Maintenance
Subtotal
Primary
interest
Subtotal
Total
expenses
Profit

2026

2027

2028

2029

2030

2031

2032

2033

32700
181
32881

32700
168
32868

32700
2722
35422

32700
1709
34409

32700
67
32767

32700
2823
35523

32700
67
32767

32700
282
32982

0

0

0

0

0

0

0

0

3116
3116

7116
7116

2660
2660

14269
14269

670
670

9106
9106

670
670

9562
9562

14323
5050
802
20175

14323
5050
802
20175

14323
5050
802
20175

14323
5050
802
20175

14323
5050
802
20175

14323
5050
802
20175

14323
5050
802
20175

14323
5050
802
20175

0

0

0

0

0

0

0

0

0
23291

0
27291

0
22835

0
34444

0
20845

0
29281

0
20845

0
29737

9590

5577

12587

-35

11922

6242

11922

3245
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APPENDIX V: PROFITABILITY AND IMPORTANT FINANCIAL INDICATORS

Year

Income
Sales
Salvage
Residual
Total

Costs
Operation
Replacement
General
Maintenance
Investment
Total
Net income

1
2

14,322.84
670.00
5,050.00
801.76
0.00
20,844.60
11,922.40

3

14,322.84
7,116.00
5,050.00
801.76
0.00
27,290.60
5,577.36

4

14,322.84
2,660.00
5,050.00
801.76
0.00
22,834.60
12,587.40

5

14,322.84
7,116.00
5,050.00
801.76
0.00
27,290.60
5,577.36

6

14,322.84
7,083.29
5,050.00
801.76
0.00
27,257.89
6,797.79

7

14,322.84
9,106.00
5,050.00
801.76
0.00
29,280.60
6,242.36

8

14,322.84
3,116.38
5,050.00
801.76
0.00
23,290.98
9,590.40

9

14,322.84
7,116.00
5,050.00
801.76
0.00
27,290.60
5,577.36

10

14,322.84
2,660.00
5,050.00
801.76
0.00
22,834.60
12,587.40

11

14,322.84
14,269.29
5,050.00
801.76
0.00
34,443.89
-34.85

12

14,322.84
670.00
5,050.00
801.76
0.00
20,844.60
11,922.40

13

14,322.84
9,106.00
5,050.00
801.76
0.00
29,280.60
6,242.36

14

14,322.84
670.00
5,050.00
801.76
0.00
20,844.60
11,922.40

15

14,322.84
9,562.38
5,050.00
801.76
0.00
29,736.98
19,182.54

32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00 32,700.00
0.00 67.00 167.96 2,722.00 167.96 1,355.68 2,822.96 181.38 167.96 2,722.00 1,709.04
67.00 2,822.96
67.00 282.34
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 15,937.18
32,700.00 32,767.00 32,867.96 35,422.00 32,867.96 34,055.68 35,522.96 32,881.38 32,867.96 35,422.00 34,409.04 32,767.00 35,522.96 32,767.00 48,919.52

14,322.84
0.00
5,050.00
801.76
44,723.67
64,898.27
-32,198.27
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